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Nutrient management
saves soil, water

Heroes in Science
Linda Foster Benedict
Of the four issues of Louisiana Agriculture magazine that we publish each year, two of them
— fall and spring — are focus issues. They provide in-depth information about one topic of vital
importance to our environment and the economy.
For this issue, fall 2017, the topic is nutrient management, an abstract term that means LSU
AgCenter scientists are working hard to keep our finite water supply wholesome and prevent
environmental degradation caused by runoff from crop and livestock production.
The nutrients that need management include the nitrogen and phosphorus in fertilizers, which
are absolutely essential to growing plants and replenishing the soil in agricultural fields. But if too
much fertilizer is applied and the plants can’t use it all, these nutrients move into waterbodies and
cause pollution.
A prime aim of research conducted by AgCenter scientists is to help farmers apply the right rate
of fertilizer in the right location when it is needed most by the crop. This requires the use of up-todate technology, such as tractors equipped with computers and satellite mapping. Farmers can no
longer afford to rely on tradition, intuition or the way they’ve always done it to determine fertilizer
needs.
The same is true with irrigation, a tool increasingly used by Louisiana farmers to stay
competitive. AgCenter scientists are intensely studying when, where and how to irrigate to conserve
water and prevent sediment and pathogens, as well as nutrients, from getting into nearby streams.
Other areas of research include conservation tillage to prevent erosion, the use of grassy areas
between crop fields and streams to filter the flow, and the planting of cover crops on fields between
seasons to replenish the soil with nutrients and also prevent erosion.
AgCenter scientists are on the front lines across the state conducting experiments to determine
the appropriate farming techniques that work best for Louisiana farmers. AgCenter extension
specialists take the recommendations from the research to the farmers through educational
meetings, workshops, publications and online information.
In addition, the AgCenter has developed the Louisiana Master Farmer Program in which farmers
devise conservation plans unique to their farms. Since the beginning of the program in 2001, which
was the first of its kind in the country, 3,000 producers have participated and 239 people have been
certified as Louisiana Master Farmers.
But we’re not limiting ourselves just to farmers in our quest to protect the environment.
AgCenter scientists also work with home gardeners, professional landscapers and golf course
managers to help them use fertilizer and pesticides more efficiently.
The same principles for the removal of harmful chemicals from animal waste in agriculture can
be applied to human and industrial waste from municipalities and rural residences along Louisiana
waterways. For example, AgCenter specialists are actively working with the community groups
committed to cleaning up Lake Pontchartrain in south Louisiana and Lake St. Joseph in north
Louisiana.
Even though water resources in the state appear abundant, no one in Louisiana can afford to
allow the buildup of unwanted chemicals and sediment in our rivers and streams. Regulations are
necessary in a democracy to balance private interests and the public good. But these regulations
must be based on facts determined by scientists, including those at the AgCenter. Farmers can
still make a profit — in fact, even make more of a profit over the long run — if they implement
conservation practices. The benefits “seem real and achievable,” says one of Louisiana’s premier
farmers, Jay Hardwick, of Newellton.
AgCenter scientists are heroes, helping everybody in the state find ways to improve the quality
of life by sustaining our natural resources. This issue of Louisiana Agriculture provides a glimpse
at some of the many projects they are engaged in to help preserve our precious water and keep
Louisiana farmers in business.
Linda Foster Benedict is a professor in LSU AgCenter Communications and editor of Louisiana Agriculture.
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ON THE COVER: Christian Richard, who farms rice, crawfish
and soybeans in Vermilion Parish in southwest Louisiana,
uses a unique system to manage water and nutrients in his
rice-farming operation. It’s called a tailwater recovery system
because he captures the water from the fields and reuses it
so none of the fertilizer is lost in runoff. See page 16.
Photo by Bruce Schultz
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AgCenter

NEWS

Researchers study cover crop use with energy cane,
sweet sorghum
A team of LSU AgCenter researchers has been awarded a
$387,000 grant to evaluate the feedstock potential of energy
cane and sweet sorghum when grown with winter cover crops.
The grant came through the Agriculture and Food Research Initiative of the National Institute of Food and Agriculture, which
is an agency with the U.S. Department of Agriculture. The lead
scientist is Brenda Tubaña, associate professor in the School of
Plant, Environmental and Soil Sciences. Energy cane, which is
closely related to sugarcane, and sweet sorghum are grown for their biomass, which is used in the
production of biofuels and bio-based products. Consequently, the entire plant is removed from the
field at harvest, leaving no leaves or other plant materials behind to replenish the soil. Tubaña and
her team will plant winter cover crops with energy cane and sweet sorghum to protect the bare soil
and maintain soil health. The above photo of energy cane is by A. Denise Attaway.

New officers elected for 4-H

Researcher creates new
drilling fluid for oil industry
Qinglin Wu, professor in the School of
Renewable Natural Resources, above, holds a
sample of a nanocellulosic material made from
tree waste that he is using to create a new drilling fluid for the oil industry. The research is
being supported by a $346,000 grant from the
U.S. Department of Agriculture Forest Service
and the U.S. Endowment for Forestry and Communities and a $187,000 grant from the Louisiana Board of Regents through its Industrial
Tie program. Nanocellulose refers to cellulose,
which can also come from other renewable
biomass materials, such as straw or sugarcane
bagasse, broken down to the level of molecules
and atoms. Nanocellulose can be shaped into
microscopic fibers with tensile strength stronger than steel. “There is a need for developing a
new generation of smart drilling fluids with key
additives from abundant, inexpensive, sustainable and biodegradable materials that will feature more environmentally friendlier features,”
Wu said.

Executive board members serving the Louisiana Association of Extension 4-H Agents for
2017-18 are from left to right, treasurer Brittany
Bourg, of Cameron Parish; president-elect Kim
Jones, state 4-H instructor; past president Amy
Long-Pierre, of St. Tammany Parish; president
Esther Boe, of Avoyelles Parish; reporter Lanette Hebert, southwest region 4-H coordinator;
and secretary Hannah Duvall, of St. Martin Parish. Katherine Pace, of Caddo Parish, not pictured, is vice-president.

Seven receive top 4-H awards
LSU AgCenter Associate Vice President for Youth Development Mark Tassin (far left) and AgCenter Youth Development Department Head Janet Fox (far right) presented outstanding service
awards to members of the Louisiana Association of Extension 4-H Agents at the annual meeting in
August. The recipients, starting second from left, were AgCenter extension agents Chris Pearce, of
Sabine Parish; Hannah Duvall, of St. Martin Parish; Beth Putnam, of Washington Parish; Ashley Powell, of Catahoula Parish; and Jeannie Crnkovic, of Bossier Parish. Pearce, Duvall and Putnam received the Achievement in Service Award.
Distinguished Service Awards went to Powell
and Jennifer Ducote, of St. Mary Parish, not pictured, and Silas Cecil, of LaSalle Parish, also not
pictured. Crnkovic received the Meritorious Service Award, which is presented to one member
per year selected from previously recognized
Distinguished Service Award recipients.

Scientists get $490,000 to study deer, cattle diseases
LSU AgCenter scientists Lane Foil and Claudia Husseneder have been awarded a three-year $490,000 grant to study two insect-borne diseases that
affect deer and cattle. The U.S. Department of Agriculture National Institute of Food and Agriculture grant will fund the project, which is a study of the
epizootic hemorrhagic disease virus and bluetongue virus transmission in cervid and cattle populations. The
grant includes support from the National Science Foundation Established Program to Stimulate Competitive
Research. Both viruses cause what commonly is referred to as hemorrhagic disease. The only insects known to
transmit the diseases are biting midge species. Infected deer suffer hemorrhages in multiple organs and typically die. “Survivors develop immunity that lasts for several years depending upon subsequent exposure, and
fawns of surviving does can receive protective antibodies in colostrum,” Foil said. Symptoms are less severe
in cattle and include a crusty, peeling muzzle; sores and ulcers in the mouth; stiffness; lameness; and loss of
appetite. The photo to the right, by Olivia McClure, is of a captive deer herd used for study at the Bob R. JonesIdlewild Research Station near Clinton.
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Kurt Guidry new head for Southwest Region
Kurt Guidry, a professor in the Department of Agricultural Economics and Agribusiness, is the new regional director for the LSU AgCenter Southwest Region. He replaces Steve Linscombe, who retired. The
Southwest Region includes 14 parishes and three research stations.
Guidry has a bachelor’s degree in agricultural business from the University of Louisiana at Lafayette, a master’s degree in agricultural economics from LSU and a doctorate in agricultural economics from Oklahoma State University. Guidry started his career with the AgCenter in
1993 as a county agent in St. Landry Parish. He left to pursue his doctorate in 1994 and returned to the AgCenter in 1997. He has moved
through the professorial ranks in his department and was named the
Gilbert Durbin Professor of Agricultural Economics in 2008. “I have a
deep appreciation for the level and importance of the work that is being done by the research stations as well as by our extension faculty in the region,” Guidry said. “I will work with our faculty
and clientele groups to ensure we continue to effectively and adequately address the needs of the
region.” Guidry’s office will be at the H. Rouse Caffey Rice Research Station in Crowley. He grew up
about 15 minutes from the station. “This is very much a homecoming for me,” Guidry said.

Chiquita Briley named new director for Southeast Region
Chiquita Briley has been named the new director for the LSU
AgCenter Southeast Region, taking over from Regina Bracy, who
retired in July. Briley comes to the AgCenter from Tennessee State University in Nashville, where she was head of the Department of Human
Sciences. She will oversee AgCenter personnel and programs in 16 parishes and three research stations. Briley received a bachelor’s degree
in home economics from Southern University and a master’s degree in
nutritional sciences and dietetics and a doctorate in human sciences
from the University of Nebraska. Much of Briley’s career has been in
nutrition education and extension. She was a nutritionist for the University of Nebraska before moving to Mississippi State University as an
assistant, then associate professor. She joined the faculty of Tennessee
State University in July 2013 as a public health nutrition extension specialist and associate professor
before moving into the role of department head. Briley said she wants to invest in communities and
their challenges. “It is critical if we are to build knowledge and train our faculty and students with
the character needed to be successful,” she said. The appointment was effective Dec. 1.

New website focuses on Roseau cane
die-off
The LSU AgCenter has developed a new website to help monitor the spread of a small insect associated with the recent dieoffs of large areas of Roseau cane, a situation that threatens Louisiana’s coastal wetlands. The website — the http://www.lsuagcenter.com/roseaucane — includes a map showing locations where the
insect, Phragmites scale, has been found. So far, it is in 13 parishes,
as far west as Vermilion Parish and as far north as East Baton Rouge
and Tangipahoa parishes. It was first detected last year in southern Plaquemines Parish in the marsh along the Mississippi River, but
analysis of satellite imagery by the U.S. Army Corps of Engineers suggests die-offs may have begun earlier than 2016. Scientists fear the
Roseau cane die-offs could mean the loss of large swaths of marsh
because the vegetation’s roots hold the fragile wetlands soil and
protect inland areas from storm damage. In addition, the maritime
industry is concerned the loss of Roseau cane will cause the Mississippi River channel to fill with silt, creating a problem for large deepdraft ships that load and unload through the Port of Orleans. Oil and
gas infrastructure in the affected marshes could also be vulnerable.

Cattle producers learn
pasture care techniques
Attendees of a cattle and forage field day,
shown above, study their grazing sticks while
listening to a presentation on how to use the
tools to estimate how many pounds of forage a
pasture will yield. The field day was held at the
Dean Lee Research and Extension Center near
Alexandria in October. Pasture care was one of
the topics because well-maintained pastures
keep animals healthy and adequately nourished. Pastures may be able to accommodate
additional grazings if treated with environmentally smart nitrogen, a fertilizer product with a
temperature- and moisture-sensitive coating,
said AgCenter research associate Jeff Gurie. He
told about the results of a multiyear project in
which three ryegrass plots were treated with
urea, urea plus the Agrotain nitrogen stablizer
or environmentally smart nitrogen (ESN).
In 2015, the ESN-treated ryegrass plots
reached grazing height fastest, allowing them
to be grazed six times as compared to five in
the others. In 2016, each fertilized plot was
grazed only four times, a reduction Gurie said
was possibly caused by weather conditions.
The ESN coating helps prevent the rapid volatilization seen with urea, which causes plants to
have insufficient nitrogen when they begin to
emerge, he said.

Giant salvinia control guide now online
LSU entomology master’s student Lori Moshman, shown below, displays
a handful of giant salvinia during an LSU AgCenter workshop on using salvinia weevils to control the invasive aquatic weed. The AgCenter has a new
resource to help educate the public about giant salvinia. The website, www.
lsuagcenter.com/giantsalvinia, looks at the problem of salvinia and control
methods. Images and maps show how the aquatic plant has spread across
Louisiana waterways. Giant salvinia is a free-floating fern native to southeastern Brazil. LSU AgCenter entomologist Rodrigo Diaz said it creates dense
mats of weeds on lakes, ponds and reservoirs throughout the southeastern United
States. The thick mats prevent sunlight
from reaching the water column and suppress native vegetation while affecting fish,
waterfowl and other species in the area.
“The purpose of the website is to have a
central hub for information about giant salvinia,” Diaz said. “We have compiled practical information about the biological control program of giant salvinia in Louisiana.”
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NEWS

Godoy wins best student poster presentation at
professional meeting
Felipe Godoy won first place at the Organization of
Nematologists of Tropical America student poster session competition at the organization’s annual meeting
in Mayagüez, Puerto Rico, in July 2017. His poster presentation was titled, “Host status of selected rice cultivars to Aphelenchoides besseyi in Louisiana.” Godoy
will soon finish his master’s degree in the Department
of Plant Pathology and Crop Physiology under the
guidance of Charles Overstreet, Edward C. McGawley
and Clayton Hollier. Godoy is from Brazil and came to
LSU after completing his Bachelor of Science degree in
agronomy from Federal University of Uberlândia, Minas
Gerais.

Student looks for new crawfish products
Cocktails and Cuisine raises
money for scholarships
The LSU College of Agriculture held its fourth
annual Cocktails and Cuisine on Oct. 13 at the
Baton Rouge Gallery. The evening included a silent
auction and music by the John Gray Jazz Trio. With
the support of donors and sponsors, the college
raised more than $22,000 for scholarships. A special thank you to sponsors Zen-Noh Grain, Louisiana Department of Agriculture and Forestry, Lamb
Weston, Louisiana Agriculture Consultants Association, Roseneath Plantation, Louisiana Land Bank,
The Cajun Spoon, Louisiana Association of Conservation Districts, and Rogers and Tess Leonard. Attending Cocktails and Cuisine were (above)
students in the School of Renewable Natural
Resources Clint Pace and Colette Pansini and college alumni Cody and Tori Wells.

Takunrat Taksima, a doctoral student from Kasetsart University in Thailand, is spending a
year at the LSU AgCenter studying the antiaging effects of the chemical astaxanthin, which is
derived from crawfish shells. She is working with Subramanian Sathivel, a professor of food processing and engineering in the Department of Biological and Agricultural Engineering. He is
looking at ways to derive benefits from various parts of crawfish.
Taksima is extracting astaxanthin and developing a delivery system for the antioxidant to
study its use in slowing the progression of Alzheimer’s disease. She is spending a year in
Sathivel’s lab working on this project.
Midway through her study, she has explored
ways to get the proper dosage of astaxanthin
into a capsule form. Her next step will be testing its antiaging effects on laboratory rats. “I
will divide the rats into five groups to study
their body weight and oxidation levels on their
organs,” she said.
Sathivel said he also plans to study astaxanthin’s effects on oxidative stress-related diabetes and obesity.

Two students intern at Audubon Center
On the New Orleans West Bank, on a tract of land where the road seems to end, is the Freeport-McMoRan Audubon Species Survival Center. Within
the lush landscape live lions, giraffes, bongos and other animals not typically found in south Louisiana.
It is here that two LSU College of Agriculture students have spent their summer caring for this menagerie. Ke’Vonn Faulkner, a junior in animal sciences, and Darby Simmons, a junior in natural resource ecology and management, each did a 10-week
internship at the center.
Faulkner’s focus during the internship was caring for the center’s whooping crane and Mississippi sandhill crane populations.
“I actually dress in costume and interact with the baby chicks because we don’t want them to have any
human interaction and because we want to release them to the wild so they can fend for themselves,” she
said.
Faulkner said she didn’t give much thought to working with birds before, but said the experience has
opened her eyes.
Simmons spent more of her time with the center’s hooved animals such as eland, yellow-backed duiker
and sable. “It’s all kind of animals from all over the world that I’ve never gotten to see or experience before,”
she said.
Both students want to become veterinarians, but Simmons said the internship has fueled her interest in
conservation.
“I want to obviously be able to help animals as a veterinarian, but with the conservation side to also be
Juniors Darby Simmons and Ke’Vonn
able to help them in their environment,” Simmons said.
Faulkner spent the summer interning at
the Freeport-McMoran Audubon Species
The students say the work was a perfect way to spend their summer, and they know the experience will
Survival Center.
help them pursue their dreams.
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New FacultyPROFILE
Swale Studies Insects to Improve Human Lives
Kyle Peveto
Growing up, Daniel Swale never dreamed of preventing
pest-borne diseases or saving honeybees.
“My goal was to become a professional fisherman my whole
life,” he said.
But once he gave college a try, Swale became captivated by
the limitless potential of science.
“I always enjoyed biology more than any other discipline
because I think you could pave a path forward and discover an
unknown,” Swale said.
An insect physiologist with a background in physiology
and toxicology, Swale is a researcher in the LSU AgCenter
Department of Entomology. At the AgCenter, Swale studies
physiological systems that are unexplored in insects and asks if
these pathways can be exploited to control insects that transmit
deadly pathogens.
His research program primarily focuses on potassium ion
channels and transporters in mosquitoes, ticks, flies and bees.
These channels can be used to either kill a pest or save a beneficial insect.
“That’s the cool part about physiology,” Swale said. “You
can tweak it whichever way you want to tweak it.”
In 2016, Swale and AgCenter entomologist Kristen Healy
received a Grand Challenges Explorations Grant from the Bill
and Melinda Gates Foundation to research ways to control
malaria-transmitting mosquitoes in Kenya using an innovative
control platform that utilizes a newly developed insecticide that
Swale and his colleagues at Vanderbilt University and Ohio
State University developed along with an established insecticide
that targets mosquito offspring. These chemicals may alleviate
the insecticide resistance that is ubiquitous throughout Africa.
They represent a viable alternative and may help reduce malaria
transmission, Swale said.
Swale is working with governmental agencies fighting
mosquitoes in Louisiana to develop new ways to deploy these
insecticides. These same chemicals could be used to fight other
mosquito-borne diseases, such as West Nile virus or Zika.
In June, Swale and Healy received nearly $1 million to
study honeybee health. And recently Swale was honored by the
Entomological Society of America with an early career professional award for research.
Growing up, Swale’s father was in the military, and Swale
lived in seven states by the time he started high school. He
loved hunting and bass fishing and envisioned himself fishing
for trophies and prize money until he was convinced to attend
Christopher Newport University in Virginia to pursue a bachelor of science degree in biology and chemistry. He specialized in insect biochemistry, physiology and toxicology while

earning a master’s degree at Virginia Tech and a doctorate at
the University of Florida.
Swale took a different route for his postdoctoral studies
and joined the Department of Anesthesiology at Vanderbilt
Medical Center, where he studied pharmacology. There he
worked with Jerod Denton and Peter Piermarini to design an
insecticide that prevents mosquitoes from digesting blood
meals by developing diuretic molecules used to treat high blood
pressure in humans.
“We found a way to actually shut down mosquito kidneys,
which prevents them from being able to handle the salts in the
blood, and in turn the blood meal becomes toxic,” he said.
Swale moved to LSU in 2015. He respected the AgCenter’s
reputation for research and thought that his own research could
grow through alliances with the LSU Veterinary School and
the Department of Biological Sciences. But he also knew about
Louisiana’s plentiful outdoors opportunities.
“Y’all have some darn good fishing here,” he said, laughing.
“I think I fit in well with the culture here since I will be on the
water or in the woods as much as I possibly can.”
When he’s not in the woods or on the water, Swale loves to
compete in triathlons, finishing two grueling Ironman triathlons in Florida and Austria. For now, competing is not his top
priority. In August 2016, Swale and his wife, Sarah, welcomed
their first child.
Swale’s work at the AgCenter provides him an opportunity
to meet his top goal — advance society and aid in the quest for
enhancing human health and agricultural productivity.
“If we can do something to get rid of a devastating disease,
whether in plants or humans, it would be pretty cool,” Swale
said.
Kyle Peveto is the publications editor with LSU AgCenter Communications and
assistant editor of Louisiana Agriculture.

LSU AgCenter entomologist Daniel Swale stands in front of a mini-habitat set
up in Mbita, Kenya. Swale received a Grand Challenges grant to study malariatransmitting mosquitoes in Kenya. Photo provided by Daniel Swale

Louisiana Agriculture, Fall 2017

7

Environmental Pollution
and
Nutrient Management
in Louisiana
B. Rogers Leonard

L

ouisiana’s abundant natural resources have offered tremendous economic opportunities for farmers, ranchers
and forest managers. In many situations, sustainable
production systems require intensive management practices
that incorporate supplemental fertilizers to promote optimum
growth and plant development. These requirements are similar
for the commercial and homeowner horticultural industries
in Louisiana. Runoff from agricultural and urban landscapes
caused by excessive rainfall or irrigation discharges creates a
means for soil, fertilizers, pesticides, fecal materials or other
organic materials to move into lakes, streams and rivers. These
sources of discharge into the environment are considered nonpoint sources of pollution.
Production of food and fiber at sufficient levels to feed a
growing population typically requires supplemental amendments to the soil to optimize plant development. Plants need
essential nutrients such as nitrogen and phosphorus in fertilizers to maintain nutrient availability in soils. Without the
application of fertilizer, the soil would quickly become depleted
of these reservoirs; plant development would slow, and crop
yields would decline rapidly. The use of chemical fertilizers
and animal manures in crops and horticultural environments
makes agriculture a contributor to nitrogen and phosphorus
contamination in water bodies through rainfall, flooding or
irrigation.
8
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Movement of soil and nutrients is a natural process in
the environment. The average annual rainfall in Louisiana
exceeds 60 inches and in some locations this level occurs over
100 days or more. Tropical and inland storms can intensify
that amount within a few hours or days, as experienced during
2016. Four independent events caused flooding across every
region of Louisiana in 2016, affecting rural cropland and urban
communities.
Many Louisianians have beautiful lawns and landscapes,
which usually require the use of fertilizers and pesticides.
Sports fields for schools and communities, as well as golf
courses, are examples of areas that also require soil and plant
amendments to maintain their performance and aesthetic
value. Many of these fertilizer products include nitrogen and
phosphorus. As urban infrastructure continues to expand,
the amount of hard surfaces and nonporous landscaping also
increases, reducing water infiltration throughout the soil profile and contributing to the runoff of nutrients during normal
rainfall and storm events.
In addition, there are a variety of procedures used in sewer
treatment plants and septic systems to treat waste generated
by municipalities, industry and rural residences. Unless these
systems are adequately monitored and maintained to efficiently
manage nutrients, this is another source of nitrogen and phosphorus being discharged into waterways. In many instances,

B. Rogers Leonard. Photo by Olivia McClure

this source is combined with the stormwater runoff from lawns
and landscapes. For rural agricultural areas, it can be even
more important because the treatment systems are maintained
by individual households and not monitored as frequently as
those for municipalities.
According to data from the Louisiana Department of
Environmental Quality, more than 200 bayous, lakes or rivers
have been designated as impaired waterways due to nutrient
pollution. One outcome that some scientists have associated
with nutrient pollution is the designated area of a “dead” zone
in the Gulf of Mexico at the mouth of the Mississippi and
Atchafalaya rivers. It is important to note that estimates suggest
Louisiana contributes less than 7 percent of the total nutrient
load associated with river pollution. The vast majority of this
nitrogen and phosphorus runoff into waterways originates in
the Midwestern agricultural regions.
Inland water bodies can be impacted by nutrient pollution
as well. Many bayous, rivers and lakes have been contaminated
for the past several decades, resulting in environmental and
human health issues. Nutrient pollution also can reach the
underground aquifers used to supply drinking water. One form
of nitrogen (nitrates) found in groundwater can be harmful,
even at low levels.
All of these examples contribute to nonpoint sources of
nutrient pollution in Louisiana waterways. The problem is far

...more than 200
bayous, lakes or rivers
have been designated as
impaired waterways due
to nutrient pollution.
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more complex and comprehensive than simply regulating
the use of fertilizers or water available for agricultural
and urban irrigation. State and federal regulations exist
to protect water quality and offer guidance for nutrient
management, but these policies frequently are difficult
to enact in many situations due to the nonpoint-source
nature of the problem.
There is not a single solution capable of eliminating
all nonpoint-source movement of nutrients. Therein
lies the challenge for scientists and those interested in
environmental management. Research conducted to find
science-based recommendations and implementation
strategies serves as a foundation for nutrient management
in Louisiana. The LSU AgCenter with state and federal
agency partners and collaboration from nonprofit groups
expressing environmental concerns is well-positioned to
address nonpoint nutrient pollution from agriculture and
associated sources.
The LSU AgCenter’s environmental research and
outreach programs to maintain water quality have
been ongoing for decades. In fact, the 2004 winter
Issue of Louisiana Agriculture, which is online at www.
LSUAgCenter.com, described the initiation of numerous
AgCenter programs focused on water quality projects
and public education. That issue highlighted the ongoing
problems and potential solutions to soil erosion, water
pollution and environmental contamination. One
specific outcome of that work was the development of
a series of manuals for crop and animal production to
help farmers protect natural resources, especially water.
Another outcome was the initiation of the Louisiana
Master Farmer Program. This education and certification
program is based on the voluntary compliance of farmers
and ranchers to modify production practices and reduce
nutrient pollution in the water that leaves their fields and
pastures. See page 18 for more information about the
impact of the Master Farmer program.
Many LSU AgCenter projects involve cooperation
with state agencies such as the Louisiana Department
of Environmental Quality, Louisiana Department of
Natural Resources, Louisiana Department of Agriculture
and Forestry, and the Louisiana Department of Wildlife
and Fisheries. At the federal level, collaboration

with the U.S. Environmental Protection Agency, the
U.S. Department of Agriculture’s Natural Resources
Conservation Service, and USDA‘s Agricultural Research
Service is supporting AgCenter research and outreach
efforts.
This issue of Louisiana Agriculture highlights LSU
AgCenter research and extension programs that focus
on efforts to manage one of Louisiana’s most important
natural resources, water. The articles illustrate diverse
approaches to improve and maintain a fragile environment, cutting across several disciplines, numerous
commodities and a range of ecosystems. AgCenter
scientists continue developing novel approaches to refine
methods based upon new technologies with the goal
of protecting Louisiana’s water resources. Watershedlevel studies are using new models to predict sediment
and nutrient movement across large acreages, as well as
documenting the value of freshwater swamps in assimilating nutrients. Research is underway to refine nutrient
availability to crops in conservation-till systems, develop
prescriptions for fertilizer rate and application timing,
manage nitrogen losses in saturated soils, as well as
evaluate optimum grasses as filter strips. Animal and
waste management projects have examined precision
feeding in dairy cattle, management of poultry litter, and
the use of floating vegetation to remove nutrients from
retention ponds. A report is included on the progress of
AgCenter-developed best management practices, known
as BMPs, in managing sediment and nutrient loads in the
environmentally sensitive Lake Pontchartrain drainage
basin. The impact of the Master Farmer program was
documented with survey data. Forestry BMPs are prescribed for long-term sustainable production systems.
The value of a fisheries resource in reducing nitrogen
concentrations in the Gulf was quantified. These studies
and educational efforts have a similar goal: to better
understand nonpoint-source pollution and offer science-based solutions to mitigate nutrient pollution in all
of Louisiana’s waterways, while maintaining the productivity of Louisiana agriculture.
B. Rogers Leonard is the associate vice president for plants, soils and water
resources and the G&H Seed Company Endowed Professor.

There is not a single solution capable of eliminating
all nonpoint-source movement of nutrients. Therein
lies the challenge for scientists and those interested in
environmental management.
10
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Marshall, left, Mead and Jay
Hardwick examine NRCS soil
maps at a field on their farm near
Newellton in Tensas Parish.
Photo by Kyle Peveto

Fertilizing for the Future
Hardwick Planting Company Tests Alternative Methods
for Nutrient Management
Kyle Peveto

T

he whitewashed walls of the Hardwick Planting
Company’s office in Tensas Parish near Newellton
abound with history. Handwritten 19th-century letters
documenting the 200-year-old Somerset Plantation’s story are
mounted next to a window where tenant farmers once received
their pay.
Instead of housing a museum, the office is a base of
operations for a modern farm growing cotton, corn, soybeans
and other crops, using the latest technology and progressive
methods.
There, two generations of the Hardwick family work to
improve all aspects of agricultural production, but they focus
intensely on improving nutrient management, the practice of
efficiently fertilizing the soil to grow a profitable crop while
also protecting the environment.
“The approach that we’re moving toward nutrient management is a little more complicated than I ever imagined it

would become,” said Jay Hardwick, who has run the farm with
his wife, Mary, since 1981. “But its benefits seem to be real and
achievable.”
That new multi-faceted approach includes investigating an
innovative fertilizer source, planting cover crops to add more
nutrients to the land and using up-to-date technology, such as
tablet computers and satellite mapping, to decide which fields
are in need of certain nutrients.
“There are some technology tools out there that can help
you make better decisions,” said Mead Hardwick, one of Jay
and Mary’s two sons who farm with them. Mead is a Southern
Methodist University business school graduate who returned
to join the family farm partnership in 2014. “We don’t get too
hung up on using technology just for the sake of having some
whiz-bang thing out there. If it’s not going to help us, we’re not
going to use it,” he said.
Louisiana Agriculture, Fall 2017
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PURSUING PROGRESSIVE TECHNIQUES

The Hardwicks have embraced progressive production
and conservation methods, and they are leaders in pursuing
responsible techniques to manage soil nutrients. In the past
they have removed hundreds of acres of land from production
for restoration, and thousands of acres of timber on the property have become habitat for the Louisiana black bear.
More than 10 years ago Jay Hardwick installed grass filter
strips between some fields to slow fertilizer and chemical
runoff near streams, and a project with Ducks Unlimited added
wetlands and a potential future water source to the farm.
Over the past 15 years, Jay Hardwick has used variable-rate
technology when applying fertilizer, applying different
amounts of nutrients to fields depending on the needs of each
soil. It is a departure from typical fertilization methods, which
Hardwick calls “the blanket approach.” In that method farmers
apply a consistent amount of fertilizer to each field.
“The blanket approach was, ‘Here’s what we think the crop
needs for this range of yields,’ and you put it out there and hope
it was available (for the crop to use),” Jay Hardwick said.
Farmers have always known some areas of their fields
had different nutrient needs, Jay Hardwick said, and it made
sense to spread out risk by spreading out fertilizer applications.
However, they often lacked the resources to vary the amount of
nutrients applied to different sections of farmland.
“Frankly, part of the old system of blanket approaches is
because we didn’t have the tools or the technology or the computer software programs to implement what people understood
needed to be done,” Jay Hardwick said.

FERTILIZER’S EFFECT ON THE ENVIRONMENT

That blanket approach has received part of the blame for
a growth in low oxygen levels in some American waterways, a
condition called hypoxia, according to the U.S. Environmental
Protection Agency. Nutrients, especially nitrogen and phosphorus from farm runoff and other sources, encourage the
growth of algae in waterways. As the algae decompose, they
consume oxygen in the water, causing “dead zones” absent of
aquatic life, according to the EPA.
“The hypoxia is a growing and a major concern, and I
think agriculture rightfully gets a lot of the blame for it,” said
Marshall Hardwick, Mead’s brother, who returned to the farm
to join the family partnership after earning a master’s degree
from LSU’s School of Plant, Environmental and Soil Sciences
in 2013. “But there are lots of farmers and producers who are
doing the right thing but don’t get the credit they deserve.”
While hypoxia remains an issue, using fertilizer strategically can also save farmers money.
“We can do better from an environmental standpoint,”
said Mead Hardwick. “But also, the margins have gotten so
thin and prices are so low that we have to find a better way
to apply the inputs we choose to purchase. If we can get more
out of it by choosing to put it over here, we can make the more
productive areas of the field even more productive and maybe
try to manage through those lower productive areas. That’s the
theory.”
12
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USING MAPS, NEW TECHNOLOGY

To help decide how much fertilizer to apply to each field,
the Hardwicks consult multiple sources.
First, they scan soil type maps created by the U.S.
Department of Agriculture Natural Resources Conservation
Service. They look at elevation maps created by their tractors’
GPS units to get a sense of which of their fields have waterholding low areas or ridges that tend to dry out, and they compare both to crop yield maps.
“You start to treat those areas a little differently,” Mead
Hardwick said. “You might spend a little less money on seed in
that particular spot. If three out of five years it’s going to get
too much water, I don’t want to put too many nutrients there.
The alternative is leaching and runoff.”
From there they pull soil samples from various fields, using
an iPad tablet computer to pinpoint the exact location and
organize the samples and test results. In the fall they consult
these results to plan fertilizer needs for the spring.
“That is going to tell us what is tied up and what is going
to be available,” Marshall Hardwick said. “That helps us work
with our fertilizer provider to find out what we need to put in
the ground for the crop.”
When it comes time to fertilize the fields, Mead Hardwick
can create digitized maps and load them onto their tractors’
computers, which use GPS to regulate how much fertilizer to
apply to each section.
That variable rate technology also applies to solid fertilizer.
For two years the Hardwicks have experimented using poultry
litter, a mixture of chicken manure and debris pulled from
chicken houses, on troubled spots.

INVESTIGATING OTHER NUTRIENT SOURCES

While more expensive than liquid fertilizer, Marshall
Hardwick said, the litter could be more cost-effective over the
long term. It builds up organic matter in the soil and helps it
hold water longer. Jay Hardwick compares it to “compounding
interest.”
“Higher organic matter acts like a sponge, so to speak, to
absorb not only rainfall but to maintain water in the profile a
lot longer, so maybe that will cut down on the number of irrigations,” Jay Hardwick said.
They expect to see the greatest gains from chicken litter
in the next two years as the organic matter builds. Some
fields with high ridges scorched by the sun have already seen
improvement, Marshall Hardwick said.
This winter the Hardwicks will also plant 1,000 acres of
cover crops, a mixture of legumes and cereal rye. The legumes
will add nitrogen to the soil, while the rye produces a fibrous
root system to hold soil together.
Using chicken litter and cover crops to add nutrients to
the fields represents a long-term approach, Jay Hardwick said.
Rather than just add more liquid fertilizer each year to replace
the nutrients taken to grow crops, they are using multiple
methods to add nutrients.
“We want those materials to stay in the field and build
upon them rather than lose them and then have to regain
them,” Jay Hardwick said.

FERTILIZING FOR THE FUTURE

This holistic approach requires a multi-year commitment
from farmers, Jay Hardwick said. Farmers working their own
land must invest in their future crops, he said, and tenant
farmers interested in these methods need a landlord who is on
board.
“These things have to fundamentally be in place or be
worked toward for these kinds of systems to have the greater
opportunity for success, or they become a showcase, a one-time
event, and it is hard to see the benefit,” he said.

Producers must work to become leaders in nutrient management, Mead Hardwick said. If agricultural producers cannot
work to reduce hypoxia in waterways, he said, the federal government could eventually step in.
“The last thing you want as an industry is to have someone
come in and tell you that you have to change,” he said. “We
need to be able to fix this on our own. It’s pretty hard to drive
the car if your hand’s not on the wheel.”
Kyle Peveto is the publications editor with LSU AgCenter Communications and
assistant editor of Louisiana Agriculture.

Mead Hardwick analyzes elevation and crop
yield maps and soil samples before deciding
how to fertilize each field.
Photo by Kyle Peveto

Mounds of poultry litter await spreading on the Hardwick farm.
The mixture of chicken manure and debris from chicken houses
is a new fertilizer the Hardwick family is testing.
Photo by Kyle Peveto
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Recirculating Irrigation Water
to Manage Pollution in a
Rice-Soybean Rotation
Changyoon Jeong and Ernest Girouard

R

ecirculating tailwater, or irrigation water that runs off
fields, is recommended as a best management practice
(BMP) to improve irrigation efficiency and to reduce
excess nutrient loading in watersheds. A tailwater recovery
system, also referred to as circular irrigation, collects and
recirculates tailwater. It consists of a recovery reservoir to store
water, ditches to capture and deliver water to the reservoir, and
a pumping system to distribute tailwater to irrigate crop fields.
The tailwater recovery reservoir at the lowest point of
crop fields collects surface runoff from rainfall and irrigation
events for future agricultural irrigation. The reservoir is an
engineered system built using quantitative approaches based on
ecological principles, which makes the systems akin to natural
wetlands. The recovery reservoir acts as a bio-filter through
a combination of various physical, chemical and biological
functions capable of removing a wide variety of contaminants
— including sediment, nutrients, pesticides and bacterial pollutants — from field runoff and nearby waterways.
The water from the reservoirs can be reused for irrigating

crop fields, which improves water use efficiency while recycling the nutrients to the fields for beneficial agronomic use.
Additionally, the system can reduce the amount of sediment
and nutrients that flow into water bodies such as lakes, rivers
and coastal marine environments, mitigating eutrophication
and algal blooms.
This project demonstrated the potential of a recirculating
irrigation water management system as a BMP to reduce
phosphorus and nitrogen losses, sediment accumulation and
underground irrigation water consumption. The project was
conducted in 523 acres of rice and soybean fields northwest of
Kaplan, Louisiana. Surface runoff from these fields drained to
a tailwater recovery reservoir via drainage ditches and was then
recycled to rice and soybean fields through underground pipe
for irrigation (Figure 1).
Water quality was monitored at nine spots in the crop
fields and their drainages by automated water samplers with
sensors. Additional samples were collected by a grab method:
four at the drainage from crop fields, two from rice, two from

Figure 1. Recirculating tailwater irrigation system and tailwater recovery reservoir at rice and soybean fields northwest of Kaplan, Louisiana. The location for the
BMP implementation study is approximately 30° 05’ 46.57” N, 92° 24’ 20.93” W. Note the orange triangle.
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The tailwater
recovery canal
before being filled.
Photo by Bruce Schultz
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Farmer Designs Unique
Conservation System to Grow Rice
Bruce Schultz
Farmer Christian Richard opens
a valve to fill a tailwater recovery
system. He is using an old
irrigation canal to store water
that can be used and reused on
his rice fields.
Photo by Bruce Schultz
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C

hristian Richard’s farm in southwest
Louisiana near Kaplan is a work in progress, and it has been for decades.
Richard credits his grandparents for laying
the conservation groundwork with numerous
improvements on the land he now farms. “My
grandparents have done a lot of work,” he said.
And he is quick to credit his wife, Julie, for
her support as a farming partner and mother of
their three children. Richard said his wife deals
with the paperwork in the farming operation,
and she also has a full understanding of what is
involved in growing a crop. “She is the glue that
holds it all together.”
Richard acquired additional land that had
been in sugarcane production for 15 years next
to his grandparents’ property, and he wanted to
return it to rice.
“It was a blank canvas and we got to design it
the way we want it. There was no infrastructure
at all. It was a wide-open field,” he said.
The projects have made farming easier and
more profitable, with the added environmental
benefit. A series of irrigation lines was installed
with numerous pipe drops and risers to allow for
greater control for flooding and draining fields.
Three pipelines were installed, totaling 16,000
feet, Richard said.
“That allowed us to tie in to a lift pump into
a tailwater recovery system,” he said. Tailwater
is the term used for irrigation water that runs off
fields.
Richard uses an abandoned 120-year-old
canal, 100 feet wide by almost a mile long, as a
reservoir to hold water that can be pumped on or
off his rice fields. He plans to expand the canal’s
capacity by digging it deeper. A side benefit of
this tailwater recovery system is the contribution
to wildlife habitat for migratory waterfowl.
Since 2003, Richard has precision-leveled
all his farmland with a slight slope to enhance
drainage. “There are inlets and outlets in every
paddy of the farm,” he said.
But Richard said leveling has to be done cautiously. “We don’t want to remove too much dirt
because we don’t have that much topsoil.”
Richard said he not only saves money
because less water is needed to flood the fields,
but herbicides work better and rice crops grow
better. “Everything is better. There’s no two ways
about it.”

He also eliminated a labyrinth of levees and
straightened the levees he kept to make fields easier and
more efficient to work. “We use GPS on everything we
do.”
Grid sampling of soil is used along with variable
applications of phosphorus and potassium. He said those
two nutrients have to be added to the soil just before
planting for them to be taken up by young plants.
He also uses chicken litter to improve yields on soil
that was drastically cut in the laser-levelling process.
“If you don’t use it, you’ll see a 50 percent reduction
in yield in those areas,” he said.
He uses no-till planting into a stale seedbed that
improves soil moisture at planting.
Most of the pumps on Richard’s farm have been converted from diesel power to electricity.
Richard said the U.S. Department of Agriculture
Natural Resources Conservation Service measured his
water well’s capacity at 3,000 gallons a minute, and the
flow of water was tested at each riser.
All of these improvements are practices recognized
by the Louisiana Master Farmer Program for their
benefits to the environment. Richard said the Louisiana
Master Farmer Program makes the conservation
measures more valuable because the designation gives
a higher ranking to an applicant when a conservation
board considers competing applicants for conservation
cost-share programs.
By his involvement with the Master Farmer
Program, Richard developed a resource management
system plan to document the conservation practices he
has done and to identify new projects.
He has been recognized several times for his conservation projects. In 2011, Richard was selected as the
Outstanding Louisiana Master Farmer of the Year.
He is a participant in the Rice Stewardship
Partnership Fieldprint Project sponsored by USA Rice
and Ducks Unlimited for enhancing rice land and providing valuable habitat for waterfowl.
He has a degree in agribusiness from the University
of Louisiana at Lafayette. Richard is a 2005 USA Rice
Leadership Development class graduate, and he was in
the LSU AgCenter Leadership Program.
He has been chosen as the 2017 Rice Farmer of
the Year, receiving the award at the USA Rice Outlook
Conference in San Antonio. He was nominated for the
award by Steve Linscombe, retired director of the H.
Rouse Caffey Rice Research Station.
“He’s a very innovative young farmer who’s
deserving of that honor,” Linscombe said. “I think he
sets the example of an outstanding individual who’s
a trendsetter and early adopter. He has a state-ofthe-art farming operation with many conservation
improvements.”
Bruce Schultz is a writer and photographer with LSU AgCenter
Communications.
Editor’s Note: Christian Richard is featured on the cover of this issue.

Conservation Plans and the
Master Farmer Program
Ernest Girouard and James Hendrix
The Louisiana Master Farmer Program continues to be recognized by the U.S. Environmental Protection Agency as a national
leader in promoting the protection of the environment, natural
resources and agricultural sustainability. More than 3,000 producers and landowners participate in the program, representing
more than 2 million acres of farmland, and 239 people have been
certified as Louisiana Master Farmers so far.
To become a Master Farmer involves completing three phases
of the program. Phase I takes place in a classroom setting, where
participants study environmental issues. Phase II is completed by
attending an approved field day that features the use of management practices that address environmental issues on the farm.
In Phase III — the most complex part of the program — participants must implement a comprehensive conservation plan. It
must include the entire farming operation located within a specified watershed or drainage basin. The Louisiana Master Farmer
Program staff works with producers and landowners, Natural
Resource Conservation Service personnel, and soil and water conservation district staff. This includes farm visits and meetings to
discuss issues related to soil, water, air, plants, animals and energy
that need to be addressed to reduce negative environmental impacts
as well as improve productivity and profitability of the farm.
Equipment and other resources are noted along with cropping and
tillage systems, the farm’s history and pesticide applications.
This information is analyzed to help producers formulate a
course of action developed into a plan known as a resource management system. These are living documents that allow producers
to design their own approaches and make modifications as needed.
The plan normally contains multiple conservation practices or
sequential practices applied as a whole-farm system, which has
been proven more effective in addressing conservation issues than a
single approach.
Plans are designed to address issues such as:
• Erosion prevention by reducing the soil’s exposure to
wind and water to keep topsoil in place.
• Restoring organic matter to help bind soil together to
store water and nutrients that plants need.
• Biodiversity by plant selection to make the farm’s ecosystem more diverse and provide wildlife habitat.
• Nutrient storage by using cover crops that take up extra
nutrients such as nitrogen and phosphorus, preventing
losses to air and water.
• Weed suppression by using crop residue to help prevent
weeds from growing and to reduce water loss.
• Reducing irrigation water use by recycling drainage water
or reservoir storage.
Ernest Girouard, now retired, was the coordinator for the Louisiana Master Farmer
Program. James Hendrix is an extension environment/watersheds agent headquartered in
St. Joseph, Louisiana.
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An Assessment of Water Quality
Protection Practices by Louisiana Farmers
Ernest Girouard, Naveen Adusumilli, Donna Morgan, Alan Hogan and James Hendrix

T

he Louisiana Master Farmer Program, with certification granted through the Louisiana Department of
Agriculture and Forestry, seeks to educate farmers on
management practices that will reduce the runoff of pollutants to surface water and groundwater and improve soil health.
Upon completion of the Master Farmer program, the farmers
are presumed to be in compliance with Louisiana’s soil and
water conservation requirements. Farmers receive Master
Farmer certification, valid for five years, with six hours of continuing education credits required per year. There are currently
339 certified Master Farmers and 3,742 farmers across the state
in various stages of the program.
Surveys were conducted statewide in 2013 and 2016 to
determine the amount of conservation implemented and recommended practices adopted, mostly outside of government
cost-share programs, by farmers in their crop and animal production operations. The surveys were collaboratively developed
by the LSU AgCenter and the U.S. Department of Agriculture
Natural Resources Conservation Service (NRCS).
Both surveys were distributed to farmers at certification
meetings, workshops and field days. In 2013, 265 farmers from
38 parishes responded to the survey; in 2016, 159 farmers from
30 parishes responded to the survey.
In both surveys, 70 percent of the respondents indicated
they had greater than 20 years of farming experience. The
respondents were mostly row crop producers, livestock producers and some combination of row crops, livestock, aquaculture, forestry and vegetables. Results of the two surveys were
compared where possible.
The overall perception regarding the impact of farming
practices on water quality is presented in Figure 1. The survey
results show that the majority of the sample in both years are
convinced of the relationship between farming practices and
water quality. They believe that poor farming practices can
affect water quality. The results suggest that some farmers are
not convinced regarding the impact of farming practices on
water quality, demonstrating the need to develop more educational opportunities.
Adoption of the most critical best management practices
(BMPs) is presented in Figure 2. Several more practices not
shown here were part of the survey questionnaire. The “yes”
percentages of each conservation practice are reported. For
example, 87 percent of the respondents in 2013 reported that
conservation tillage was adopted on their farm; the remaining
18
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13 percent of the respondents (not shown in the graph)
reported conservation tillage was not adopted. Similarly, 68
percent in 2016 reported conservation tillage was adopted, and
32 percent reported no adoption.
Survey responses show that some practices are popular
among farmers, whereas other practices are adopted at a
minimal level. For example, cover crop adoption increased in
2016 compared to 2013, whereas conservation tillage adoption
decreased in 2016 relative to 2013. NRCS has made changes to
its existing conservation tools to provide additional cost-share
for an extended period to improve adoption of many practices.
Despite the vast amount of research showing benefits of these
practices on water quality improvement, lack of information on
costs, the impact on farm profitability, and technical knowledge on agronomics might have affected adoption; however,
barriers to adoption were not asked in the survey.
Although Louisiana receives more than 60 inches of
average annual rainfall, irrigated acres of major crops are on
the rise. Because of low commodity prices coupled with rising
input costs and extreme weather events, it is economically wise
to adopt practices that would improve irrigation efficiency
on the farm, which would reduce fuel use, reduce water use,
and improve overall farm profits. Moreover, efficient irrigation practices minimize nutrient and soil loss from the fields.
Figure 3 presents the extent of adoption of irrigation efficiency
practices. The results are from new questions introduced in
2016 survey; hence, there was no benchmark for comparison.
According to the survey, approximately 90 percent of the
farmers who irrigate do not adopt tools that would improve
efficiency. In addition, recording of irrigation water use is also
minimal among farmers, mostly because adequate rainfall
reduces the amount of irrigation needed in most years. The
results provide an avenue to work with farmers to promote the
value of recording irrigation water use. Irrigation is one of the
variable inputs that has the most potential for savings in production costs, specifically fuel costs. Moreover, recording water
use allows estimation of irrigation cost savings when efficiency
improvements are added to the current irrigation practices.
Because the majority of the irrigation costs include energy costs
to pump water, recording water use can allow evaluation of
practices that could save energy costs on the farm.
The collaborative effort between the LSU AgCenter, NRCS
and the Louisiana Department of Agriculture and Forestry,
among others, to promote the use of management practices

that minimize the discharge of contaminants into water bodies
has resulted in increased efficiency among the majority of the
farmers. Approximately 50 percent of the respondents indicated that these management practices have decreased fertilizer
application amounts to their crops (Figure 4). Many farmers
use BMPs but often consider them as practices that have been
handed down for years and are part of their normal farming
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ison in this category. Adoption of BMPs could be influenced by
costs, time and sometimes convenience. Practices that would
minimally address the conservation needs would only exacerbate the economic burden of the farmer, hence, the portfolio of the recommended BMPs should consist of those that
provide the most “bang for the buck” both economically and
environmentally.
Ernest Girouard, now retired, was the statewide coordinator of the Louisiana Master
Farmer Program. Naveen Adusumilli is an assistant professor in the Department
of Agricultural Economics and Agribusiness. Donna Morgan is a conservation
agronomist in the Central Region. Alan Hogan is an extension associate in the
Southwest Region, and James Hendrix is a conservation agronomist in the Northeast
Region.
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The Natural Resources Conservation
Service Red Bayou Watershed Project in
Caddo Parish is giving farmers a nearby
source of surface water for irrigation.
Water is pumped from the Red River
into Red Bayou near Gilliam, Louisiana.
Photo by Olivia McClure

Monitoring and Assessing Water Quality
Changes in the Red Bayou Watershed
Changyoon Jeong and Ernest Girouard

B

ecause Louisiana occasionally
experiences severe seasonal
droughts, it is important for
farmers to develop dependable sources
of irrigation to meet crop needs for
water during critical stages of growth.
Local communities have been looking
for alternative irrigation strategies to
conserve groundwater and use more
surface water for irrigation. The Red
Bayou Watershed project started as
an effort to use the Red River as a
dependable source of surface water
for irrigation by pumping water from
the Red River to the Red Bayou for use
as irrigation water in northwestern
Louisiana near Gilliam (Figure 1). The
project, which was started in May 1997
and completed in September 2014, was
supported by the Natural Resources
Conservation Service (NRCS), as well as
several local partners including the LSU
AgCenter Red River Research Station.
Since the start of the project, the
quality of the water for use in irrigating
crops has been tested at five sites along
20
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the Red Bayou. Water quality monitoring is essential in determining the
suitability of water for irrigating crops
and the effects of agricultural watersheds in this unique water management
system. Water samples were collected
every week during the crop growing
season and once a month in the offseason from the five monitoring locations. During water sample collection,
a smarTROLL multi-parameter measuring device made by Colorado-based
In-Situ was used to measure parameters including water depth, dissolved
oxygen, pH, temperature, electrical
conductivity and turbidity.
Long-term water quality monitoring to monitor water quality in
watersheds is expensive and time-consuming. Modeling techniques can be an
alternative way to simulate the magnitude of contaminants and to develop
a decision-making tool in watershed
management systems. The Soil and
Water Assessment Tool (SWAT) model
was selected for predicting long-

term water quality in the Red Bayou
watershed.
Two years of monitoring data
showed a strong seasonal and spatial variation in surface water quality
across the Red Bayou watershed due
to the influence of weather and local
agricultural activities. In the SWAT
model application, a good agreement
(R 2 = 0.66) was obtained between the
observed and simulated phosphorus
concentration in the validation process as a selected parameter (Figure 2).
The significance of this study was to
provide an overall understanding of the
impact of irrigation and agricultural
practices on water quality in the Red
Bayou. Further research is required to
assess the impact on the accumulation
or movement of salts, carbon, nitrogen,
phosphorus and other micronutrients
on water quality in irrigated crop fields.
Changyoon Jeong is an assistant professor at the
Red River Research Station in Bossier City. Ernest
Girouard, now retired, was the coordinator for the
Louisiana Master Farmer Program.
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Figure 1. The quality of the water for use in irrigating crops has been tested at five sites along the Red Bayou near Gilliam, Louisiana.
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Figure 2. (a) The trend of soluble reactive phosphorus concentration from the Red Bayou
watershed. (b) SWAT model simulation with observed data at Site 5.

The Red Bayou cuts a narrow
pathway through vegetation. LSU
AgCenter scientist Changyoon Jeong
monitors water quality at this site
and several others along the Red
River and Red Bayou.
Photo by Olivia McClure
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No-till soybeans at
the LSU AgCenter Red
River Research Station
in Bossier City.
Photo by Syam K. Dodla

No-Till Conservation Agriculture
and Fertilizer Use
Syam K. Dodla

A

creage under conservation tillage, especially no-till, is
steadily increasing throughout the world. According
to the Natural Resources Conservation Service,
about 35 percent of the cropland for the top eight crops
in the United States is under no-till, and that percentage
is growing. Conservation tillage provides many benefits,
including increases in soil organic matter, water infiltration
rate, plant-available water content, water quality and soil biota,
while also reducing soil compaction, soil erosion, nutrient loss
and production costs.
The transition to no-till systems poses many challenges
for producers, including planting management, soil fertility,
irrigation and weed control, compared to conventional tillage
systems because of their differences in soil properties and crop
growth. One of the producers’ concerns about adopting no-till
may be the lack of clear guidelines for nutrient management for
those systems. No-till agriculture creates challenges because
excessive residue can cause nitrogen fixation and the possibility
of excessive runoff of any surface-applied nutrients. In addition, in no-till systems, minimal disturbance of soil alters soil
properties, such as soil organic matter, microbial biomass and
water infiltration rate, which, in turn, affect nutrient cycling,
crop growth and yield. Therefore, compared to conventional
tillage, no-till may alter the availability of plant nutrients and
may necessitate adjusting fertilizer rate, time and placement.
Nutrient management in no-till systems is different from
conventional systems because of stratification of nutrients in
the soil layer. It is common to have nutrients accumulate and
concentrate in the top few inches of soil in no-till systems as
22
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a result of surface-broadcasting fertilizers, surface accumulation of crop residue and low movement of nutrients into the
soil. Stratification and accumulation of more nutrients within
the top 2 inches of soil can limit the crop nutrient availability,
including the major nutrients nitrogen, phosphorus and
potassium.
Although nutrient availability in the surface layers in
no-till systems may be enhanced by increased soil moisture
because of residue cover, lower temperatures and lower moisture during dry spells may limit availability. Applying starter
fertilizer in no-till systems helps in overcoming slow growth
because of low soil temperatures at the early growth stages.
Applying starter nitrogen at 20 to 30 pounds per acre is desirable, but rates above 34 pounds per acre are reported to provide
no further benefits. Applying the starter to the side of the
row below the soil surface, known as sidebanding, is desired
because applying fertilizer close to the seed in the planter row
can cause injury to seedlings.
In no-till systems, surface-applied nitrogen fertilizers,
especially urea and urea ammonium nitrate, lead to higher
volatilization losses than in systems where fertilizer is incorporated into the soil. In addition, surface application in no-till
systems can lead to short-term nitrogen immobilization
because of more residue, which breaks down slowly, especially
in fine-textured soils. Because of this, during the first few years
of no-till, applying up to 20 percent more nitrogen than recommended may help supply sufficient nitrogen to the crop to
compensate for some of the nitrogen that is immobilized by the
increased organic matter on the surface. After a few years, how-

ever, the increase in the amount of organic matter compensates
for the lower mineralization rate and increases the nitrogen
supply to the crop.
Subsurface application of nitrogen fertilizers in no-till
systems helps in overcoming excessive nitrogen volatilization
and immobilization. Immobilization and volatilization of surface-applied nitrogen fertilizers may result in significant yield
reductions that vary from season to season based on weather
conditions. If nitrogen fertilizers will be broadcasted, it is
desirable to decrease excessive ammonia volatilization losses by
using non-urea-based sources – such as ammonium nitrate or
ammonium sulfate – coated urea or nitrogen stabilizer-coated
fertilizers. Using nitrogen stabilizer-added urea or urea ammonium nitrate or polymer-coated urea is reported to decrease
nitrogen losses as nitrous dioxide from 30 to 50 percent compared to uncoated urea or urea ammonium nitrate.
Higher nitrogen losses from broadcast urea in no-till
systems can be attributed to a higher concentration of urease
enzyme and crop residue, which limit urea from interacting
with surface soil. Applying urea as shallow bands rather than
surface broadcasting minimizes nitrogen loss as ammonia by
up to 50 percent; however, the cost of the application has to be
considered. Similar to inorganic nitrogen fertilizers, shallow
banding of animal wastes helps in significantly minimizing
nitrogen losses compared to surface application.
No-till can increase leaching losses of nitrogen fertilizers
because of increased infiltration rates. This can be overcome
by split applications, which are a recommended practice for all
tillage types because of the high potential of nitrogen loss.
One way to minimize nitrogen fertilizer use is with fall
legume cover crops, such as hairy vetch and Australian winter
pea. Depending on the planting and termination date, vetch
can add more than 100 pounds of nitrogen per acre.
Fertilizer placement studies that compared broadcast,
shallow placement and deep placement of phosphate and potash
showed inconsistent results but possible benefits to grain yield,
from both shallow and deep placement. A few short-term

studies did not find any yield gains in corn with subsurface
application of phosphorus compared to broadcast; however,
subsurface application will minimize phosphorus runoff losses
and may conserve soil phosphorus for the long term.
Studies on water quality in no-till systems that received
broadcast phosphorus had much higher phosphorus loss as
dissolved phosphate compared to conventional systems. Hence,
shallow or deep banding of granular or liquid phosphate
fertilizers is recommended. Nonetheless, shallow banding of
fertilizers 2 inches deep and 2 inches wide along the planter
row may be beneficial for places like Louisiana where high rainfall increases the scope for runoff losses, and costs are relatively
lower than deep placement.
Starter fertilizer containing both nitrogen and phosphate
is desired for corn because the residue cover in no-till systems
decreases soil temperature and increases moisture content that
leads to reduced early nutrient uptake and growth. Applying
nitrogen and phosphate starter fertilizer to no-till corn is
reported to advance silking date and increase grain yield, especially in low-phosphorus soils because of the high phosphorus
requirement for early growth and development.
Monitoring soil pH in no-till systems is important, especially for acidic soils, because the increased organic matter and
surface application of ammoniacal nitrogen fertilizers lower
soil pH in the soil surface layer. Applying lime as needed is
important to optimize the availability of nutrients to the crop.
On the other hand, decreasing soil pH will improve nutrient
availability in alkaline and calcareous soils.
Recommendations for no-till systems include: fall legume
cover crops, starter fertilizers containing both nitrogen and
phosphate along with needed micronutrients, split application
of nitrogen fertilizers and shallow to deep banding of other
nutrients.
Syam K. Dodla is an assistant professor at the Red River Research Station, Bossier City.
His expertise includes soil fertility and irrigation.

Conservation Tillage Saves Soil, Reduces Cultivation
Rick Bogren
For generations, farmers used the plow and hoe to cultivate their crops. They used the plow to turn the soil, bury the
residue from the previous crop and eliminate weeds. Then they
used hoes and later mechanized tillage equipment to smooth
the soil for planting. After the plants emerged from the soil,
they used hoes and mechanized cultivators to travel between
plant rows to uproot weedy plants.
The drawback to this type of management was soil loss
through erosion—either by wind blowing the soil into the air or
water washing it away. Even after chemical weed control began
replacing mechanical cultivation, farmers continued to use the
plow and tillage equipment to prepare the soil for planting.

New methods for planting into previous years’ seedbeds
have been successful in moving the process to an area of limited-till or no-till crop production. Stronger planters equipped
with fertilizer and herbicide attachments can now place the
seed into the soil without the requirement for a prepared
seedbed. And herbicides have replaced cultivation to control
weeds between the plant rows.
The movement to what is called conservation tillage has
resulted in widespread reductions in erosion, keeping the soil
in the fields and reducing the loss of organic matter and soil
nutrients.
Rick Bogren is a professor with LSU AgCenter Communications and the associate
editor of Louisiana Agriculture.
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More Sustainable Rice Production Through
Shifts in Nitrogen Management Practices
Dustin Harrell, Manoch Kongchum and Nutifafa Adotey

R

compared to all other cropping systems when research-based
best management practices are followed. When these practices
are not followed, rice can be one of the least efficient of all
cropping systems.
In drill-seeded rice production — now the most common
production practice in Louisiana — nitrogen fertilizer is
applied at two application timings. The first application timing
is just before the permanent flood is established. The second
application is at midseason. The pre-flood application is the
most important because this is when the greatest amount
of nitrogen fertilizer is applied. It is also where there is the
greatest risk of nitrogen loss. Research in Louisiana has shown
that pre-flood nitrogen fertilizer should be applied: 1) on dry
ground and 2) flooded as soon as possible. Urea, which is the
most common nitrogen fertilizer source in rice production, can
volatilize (turn into ammonia gas) and be lost to the atmosphere when left unprotected on the soil surface.
Research at the H. Rouse Caffey Rice Research Station has
shown that in some years approximately 30 percent of nitrogen
fertilizer can be lost if left unprotected on the soil surface
(Figure 1). Flooding a rice field will cause the soil to go anaerobic (no oxygen), which will stabilize ammonium-nitrogen
derived from the breakdown of urea. This allows rice to take up
the nitrogen when it needs it. Urea begins to volatilize slowly
at first and then increases over time when it is not protected
by the irrigation water. After urea is left exposed on the soil
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ice production is a traditional row crop enterprise with
a rich history in Louisiana. In 2016, rice was produced
in 32 parishes on approximately 420,000 acres by just
over 1,000 farming families. The economic impact of rice production in the state was valued at $427 million in 2016, which
illustrates the importance of the industry to local farming
communities and the state as a whole. If rice production is to
remain sustainable in Louisiana, management practices must
be focused on maximizing fertilizer efficiency and minimizing
environmental losses.
Rice production practices in Louisiana have evolved over
the years to allow more efficient use of fertilizer. With the
introduction of Clearfield rice, which is a herbicide-tolerant
rice developed at the LSU AgCenter and released in 2002, most
rice is drill-seeded rather than water-seeded, which had been
necessary to suppress the red rice weed. With drill-seeded rice,
the establishment of a permanent flood is delayed until the
rice reaches the 4- or 5-leaf stage of development. Prior to the
Clearfield technology, fertilizer had to be applied into water,
which reduces nutrient efficiency. This one shift in production
practices has had a tremendous positive impact on the efficient
use of fertilizer.
Nitrogen is the most important fertilizer nutrient in rice
production because it is used in the greatest amount and it
represents the greatest fertilizer expenditure on a rice farming
budget. Rice is the most efficient user of nitrogen fertilizer as

10

c
dry

moist

c
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Soil moisture at time of nitrogen fertilizer (urea) application
Figure 1. Ammonia volatilization loss from urea and urea treated with a urease
inhibitor over time on a Crowley silt loam soil at the H. Rouse Caffey Rice
Research Station.
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Figure 2. Nitrogen use efficiency of urea and urea treated with a urease
inhibitor when applied onto a dry, moist and flooded soil at the H. Rouse
Caffey Rice Research Station. Different letters on top of the bars indicate
significant differences.

surface after three to five days (depending on environmental
and soil conditions), the gaseous loss potential of nitrogen
would be sufficient enough to justify treating the urea fertilizer
with urease inhibitor, which contains the chemical NBPT. The
urease inhibitor will temporarily delay the breakdown of urea
and greatly suppress volatilization losses (Figure 1). It is also
imperative that preflood nitrogen is applied on dry ground and
not on a muddy or flooded soil.
Research in Louisiana has shown that urea will break down
faster and gaseous losses of nitrogen will begin faster when
urea is applied onto a muddy soil making the application less
efficient (Figure 2). However, treating urea with a urease inhibitor will provide some protection when nitrogen is applied on

a moist soil (Figure 2). Research has also shown that dropping
urea fertilizer into a standing flood early in the season can
greatly reduce nitrogen use efficiency (Figure 2).
Following research-based nitrogen fertilizer best management practices in rice production make rice one of the
most efficient cropping systems in Louisiana when it comes
to nitrogen use. Dedicated agronomic and fertility research
in Louisiana over the past decade has increased the efficient
nutrient use of all fertilizer nutrients and has helped make rice
production in Louisiana sustainable for future generations.
Dustin Harrell holds the Mosaic Company Professorship at the H.Rouse Caffey Rice
Research Station in Crowley; Manoch Kongchum is an assistant professor at the
station; and Nutifafa Adotey is a postdoctoral researcher at the station.

In delayed-flood rice production, urea fertilizer is most efficient when applied onto a dry soil (H.
Rouse Caffey Rice Research Station).
Photo by Dustin Harrell

Urea fertilizers are most efficient when applied onto a dry soil. Darker green vegetation indicates rice that has taken up
more nitrogen fertilizer because it was applied more efficiently (H. Rouse Caffey Rice Research Station).
Photo by Dustin Harrell
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Producing More Cotton with Less Nitrogen:
Taking Remote Sensing to a Higher Level
Brenda Tubaña, Dennis Burns, Marilyn Dalen and Ralph Frazier

A

vast amount of literature collectively estimates that
more than 60 percent of applied nitrogen fertilizer is
lost from the soil and plant systems. This translates into
costly losses in field crop production and increased threats to
water quality through groundwater nitrate contamination and
nitrogen enrichment of surface water. The most logical approach
to minimize loss is to manage nitrogen fertilizer by applying
the right rate in the right location when it is needed most by the
crop. However, recommendations derived from soil and plant
tissue testing have a long turnaround time, limiting their use for
on-the-go and as-needed nitrogen fertilizer applications.
Louisiana’s most productive lands along the alluvial floodplain of Mississippi and Red rivers are farmed to a wide array of
field crops. A decade ago, cotton occupied about 900,000 of these
acres. While cotton acreage has steadily declined in the state, it
does not change the fact that effective management of nitrogen
fertilizer remains an essential component of its year-to-year
success.
In 2008, a research project funded by Cotton Inc. began
with an objective of integrating remote sensing technology for
managing nitrogen fertilizer in cotton. The first three years
of research involved collecting sensor readings and yield data,
followed immediately by establishing a working algorithm that
computes cotton nitrogen requirements based on real-time
sensor readings. In 2012, the U.S. Department of Agriculture
provided funding to conduct a large-scale test to compare the
performance of remote sensing and variable rate technology
(VRT) with the standard practice of a one-time, uniform application of nitrogen fertilizer at the early growth stage of cotton.
The test was conducted in Tensas Parish (Figure 1).
The remote sensor/VRT system uses sensors for applying
liquid nitrogen fertilizer at the base of cotton plants, six rows at
a time (Figure 2). The other components of the system are a computer, a rate controller, a flow meter, a flow control valve and a
boom control bar.
The soil types in these locations are diverse and have several
multiple soil productivity management zones. The plot size was
large, almost equivalent to an acre, for three replications; the
total area could represent a relatively small cotton field. The net
return from nitrogen fertilizer application was one of the performance measures used to compare remote sensor/VRT systems
and the farmer’s standard nitrogen practice.
Six out of nine site-years showed benefits from using the
remote sensor/VRT system, with an average $34.14 per acre
net return from nitrogen fertilization (Figure 3). The largest
gain was $69.47 per acre in 2014 at Site B, which was attributed
to both increased yield of 60 pounds per acre and an average
nitrogen fertilizer application of only 89 pounds per acre, which
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Figure 1. Locations of the large demonstration plots for remote sensing and
variable nitrogen rate technology in cotton conducted in Tensas Parish from
2012 to 2016.

Figure 2. Remote sensor and variable nitrogen rate applicator running in a
cotton field in one of the demonstration plots in Tensas Parish.

saved fertilizer cost by $27.47 per acre. In this scenario and at
Site A in 2013, the average nitrogen fertilizer rates were less
than the farmer’s standard practice yet resulted in higher yield.
This is because the system can distribute a precise amount of
nitrogen fertilizer where it was needed in the field. The remote
sensor/VRT system’s ability to adjust the fertilizer rate is not
limited by the concept of producing more with less; rather,
the system can also detect high potential yield, which requires
more nitrogen fertilizer — for example Site B in 2013 and Site A
in 2014. In other cases, lower amounts of nitrogen were applied
to offset potential yield losses in Sites A and C in 2012. Each
instance led to a higher net return when compared with the
farmer’s standard practice.
Applying lesser amounts of nitrogen fertilizer has implications on water quality and the environment in general. The
remote sensor/VRT system applied an average 30 pounds of
nitrogen per acre, less than the farmer’s standard practice. This
reduction did not result in substantial yield losses. In fact, two
sites attained even higher yield. For details, view Table 1 in
the web version of this magazine at www.LSUAgCenter.com/
agmag. Looking on the other side of the story, nitrogen applied
at the same rate would have been lost from the soil.
Clearly, the remote sensor/VRT system has the potential to
improve the profitability of cotton production in Louisiana, but
its adoption is limited by many factors. Among them are the
cost of the technology and the requirement for training. One
way of facilitating the use of as-needed nitrogen application in
cotton is to use another method of acquiring crop information
that will produce similar outcomes as the remote sensor/VRT
system but is easier to use and less expensive.
A drone equipped with a digital camera offers a faster way
of collecting aerial images to measure normalized difference
vegetation index (NDVI) over larger production areas and
landscapes. NDVI measures the greenness of plant biomass

density of the vegetation. The speed in acquiring crop information enables farmers to identify problems more quickly and act
in a timelier manner to avoid yield losses.
In 2016, two locations were selected for concurrent collection of NDVI using the remote sensor/VRT system and aerial
images from a drone. All aerial images were tagged and processed using software to generate an NDVI map. The objective
was to evaluate the use of aerial image-based NDVI as a reliable
indicator of cotton nitrogen health status. This was done by
comparing the maps and values of NDVI of more than 7,000
data points between these two platforms. Distribution of values
was visually the same between aerial NDVI and the remote
sensor/VRT system NDVI; clusters of high values were found at
the same location on both maps (Figure 4). While the aerial-NDVI readings had a wider range of value than the remote
sensor/VRT system, there was a moderately strong linear
relationship between these two groups of NDVI values. The
successful establishment of the procedure for generating NDVI
maps using drones equipped with digital camera will make
remote sensing a more powerful tool in improving nitrogen
fertilizer management in cotton production.
Brenda Tubaña holds the Jack E. and Henrietta Jones Professorship in the School
of Plant, Environmental and Soil Sciences. Dennis Burns is an extension agent in
Tensas Parish. Marilyn Dalen is a post doctoral researcher in the School of Plant,
Environmental and Soil Sciences. Ralph Frazier is an extension agent in Madison
Parish.
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vegetation index from remote sensor variable rate technology and
aerial images.
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Nutrient Pollution Reduced by
Swamps Connected to Rivers
Richard Keim

I

ntensive agriculture throughout the Mississippi River basin
has contributed to chronic river pollution, which has caused
a “dead zone” in the Gulf of Mexico for several decades
that reached its largest-ever size in 2017. The Gulf dead zone is
one of many globally, and these are only examples of a multitude of ecological consequences of nutrient pollution in rivers.
Nutrient management is a pressing problem that is receiving
attention by scientists and practitioners at multiple locations
to identify innovative strategies to conserve nutrient resources
and prevent degradation of natural waters.
Wetlands in Louisiana have a special relationship with
agricultural runoff because about two-thirds of the United
States and most of its agricultural landscape drains to the
Mississippi River and through its delta. If water leaves a river
channel and flows through these wetlands, it is well known that
nutrients — especially nitrogen—are removed from floodwater
when it encounters low-oxygen wetland sediments, and pollution is reduced when it returns to the channel.
At the same time rivers have become more polluted with
nutrient runoff, they have also become more confined within
their channels by extensive flood control work over the past
two centuries. Many former floodplains that once received
floodwater and contributed to water quality are now partially
or completely disconnected from rivers. However, some floodplain wetlands can be reconnected to floodwaters by modifying
channels or flow control structures, which creates opportunities to increase water quality by managing rivers for floodplain
connectivity.
Two important unknowns impede effective decision
making on managing rivers and wetlands for water quality
improvement. First, how much of an effect do wetlands have?
We know that some nutrients will likely be removed, but is
the effect large enough to spend money to route more water
through wetlands for this purpose? Second, what is the effect
on the receiving wetlands? Wetlands are defined by water, and
small changes in water or nutrients can have large effects on
the ecosystems there.
LSU AgCenter scientists are working to answer these questions. Field observations are focusing on the Atchafalaya River
Basin, which routes 30 percent of the flow from the Mississippi
and Red rivers through the main channel and a network of
smaller channels and overflow swamps. Experiments include
using naturally occurring tracers to quantify water pathways
and resultant effects on water chemistry, and measuring swamp
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forest responses to floodwater to understand how trees respond
to hydrologic manipulation.
The large flood of 2011 provided an excellent opportunity to examine how water moves through the Atchafalaya
River Basin during a period of high connection such as might
be emulated by future management. AgCenter scientists
cooperated with several state and federal agencies (Louisiana
Department of Natural Resources, Louisiana Department
of Wildlife and Fisheries, Louisiana Geological Survey, U.S.
Geological Survey and U.S. Fish and Wildlife Service) to
extensively sample water chemistry throughout the event and
throughout the Basin.
Analysis of water samples, in cooperation with scientists at
Virginia Tech University, yielded data on organic and inorganic
solutes as well as isotopic composition of the water itself. The
isotopic measurements quantified the proportion of stable but
unusual isotopes 2H and 18O within water molecules, using
laser spectrometry in the stable isotope hydrology laboratory
in the School of Renewable Natural Resources. The proportions of 2H and 18O vary naturally and are much lower in the
Mississippi River than in local rainfall. The field experiments
took advantage of this relationship to identify the degree to
which river water dominated throughout the Basin during the
flood. Combining these results with detailed water chemistry
allowed for calculations of the effectiveness of wetlands for
water-quality modification.
Results of this work showed that up to 50 percent of
water that moved through the Basin was routed via swamps
(depending on time within the flood pulse), and the remainder
bypassed wetlands via the main channel. For the water that
flowed through swamps, about 75 percent of nitrate was
removed. All told, about 17 percent of nitrate that entered
the Basin was removed by contact with floodplain wetlands.
Complicating this story, however, was another finding that
floodplain wetlands were a small but measureable source
of ammonium (another form of nitrogen) and dissolved
phosphorus.
Future work will focus on identifying mechanisms by
which these water quality changes occurred, so that river
management may take advantage of them in the quest to find
strategies to combat nutrient pollution.
To understand what river-floodplain connectivity means
for floodplain forest ecosystems, another ongoing project in
conjunction with The Nature Conservancy is measuring the

consequences of managed connectivity in baldcypress
swamps in the Atchafalaya River Basin. For this project,
The Nature Conservancy and Louisiana Department of
Natural Resources are partnering to increase river-floodplain connectivity by making small cuts in channel banks
with the expectation of increased water quality and
increased productivity of swamp forests. Tree-ring samples
of baldcypress and black willow are being analyzed in the
tree-ring laboratory in the School of Renewable Natural
Resources to assess how forests in the past have responded
to stagnant (disconnected) and flow-through (connected)
flooding. The goal of the work is to provide baseline
monitoring data for evaluating the treatments that will be
implemented in the future and also to develop a mechanistic understanding that will help predict likely outcomes
of river management for forests.
Developing nutrient pollution management strategies that create desirable outcomes in both rivers and
floodplain wetlands is dauntingly complicated. Simple
“try it and see” management is often not feasible because
of the expense of managing water and because of the risk
of large, undesirable changes in floodplain ecosystems.
The research described here helps plug gaps in scientific
understanding of the processes governing floodplain connectivity and water quality. Maintaining collaborative relationships with agencies and stakeholders engaged in river
management is an example of orienting research to solve
specific problems relevant to environmental management.
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River-floodplain connectivity in the 2011 flood. “Backwater” sites only received
river water during the peak of the flood; “Riverine” sites received mainly river
water throughout the flood; and “Mixed” sites received river water partially
throughout the flood. NASQAN water quality data collected by the USGS were
important for interpreting floodplain water samples.

Richard Keim is a professor in the School of Renewable Natural Resources. His
expertise includes the hydrology of forested wetlands and watersheds.

Mississippi River water flows through the forest of the Bonnet Carré Spillway
on Jan. 14, 2016. Though designed for flood control, the spillway is an example
of river-floodplain connectivity that is useful as a natural experiment. Photo by
Richard Keim

Sediment-laden water from the river (left) mixes with darker water that
originated as rainfall in the Atchafalaya River Basin, showing the differences in
water quality depending on connectivity to rivers. Photo by Richard Keim
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Ryegrass being harvested from
floating islands in the dairy
wastewater lagoon at the LSU
AgCenter Southeast Research
Station to determine yield.
Photo by Vinicius Moreira

Treatment of Human Wastewater
Using Floating Wetlands Systems
Vinicius Moreira and Brian D. LeBlanc

D

eveloping new or enhancing the effectiveness of
existing wastewater treatment systems is essential in
situations where expansion of a livestock production
system is limited by land availability, thereby limiting space
for land application during waste recycling. LSU AgCenter
researchers are using floating systems to grow various plant
species and create favorable conditions for plants and microbial communities to thrive and create a concentrated wetland
treatment in wastewater lagoons. Hydroponic phytoremediation of wastewater is built around the idea that plant roots and
rhizomes will remove nutrients from the water they float upon
and enhance naturally occurring microbial communities.
In a recent study AgCenter researchers evaluated floating
systems at a human sewage treatment facility in southeast
Louisiana. Facility managers were concerned primarily with
elevated levels of biological oxygen demand, total suspended
solids and fecal coliforms. Evaluation of the three-stage
wastewater treatment system indicated sludge accumulation
in the first stage of treatment may have been a limiting factor
in the system’s overall ability to treat wastewater effectively.
Remediation of the sludge depth issue in the system’s first pond
would have required extensive dredging and would have placed
a high financial burden on the operator.
30
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Seeking a cost-effective alternative, the operator contracted
with Martin Ecosystems, of Baton Rouge, to install a novel
solution using a floating island plant treatment system. Martin
Ecosystems installed BioHaven Floating Treatment Wetlands
to cover approximately 0.7 percent of the 5.1-acre pond that had
an average depth of 3 feet. The objective of the AgCenter study
was to monitor the impact of floating wetlands on effluent
water quality in the wastewater treatment system.
In April 2011, 38 floating wetland modules measuring 5
feet by 8 feet and four layers thick were installed in the first
stage wastewater-treatment lagoon, for a total of 1,520 square
feet. The floating wetlands were installed below the inflow
pipe located in Stage 1 of the wastewater treatment system.
Modules were connected to each other to form four tiers. The
first tier, nearest the influent pipe, consisted of 16 modules;
the second tier, 12 modules; the third tier, six modules; and the
fourth tier, four modules. The tiers were placed in successive
arches moving away from the influent source to ensure that
raw wastewater entering the system would pass through the
island matrixes and hanging root systems to maximize the
water-treatment interface and ultimately increase lagoon retention time prior to exit at the out-flow pipe.

Floating treatment wetlands were lifted off the wastewater lagoons for forage harvesting to determine yield and nutrient content. Photo by Vinicius Moreira

Vetiver (Chrysopogon zizanioides) seedlings were transplanted onto floating treatment wetlands to evaluate plant survival and wastewater treatment efficiency.
Photo by Vinicius Moreira
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Ryegrass on floating islands in a dairy wastewater
lagoon as part of an experiment at the LSU
AgCenter Southeast Research Station. Photo by
Vinicius Moreira

Ryegrass seedlings soon after planting in a dairy wastewater lagoon as part of an experiment at the LSU
AgCenter Southeast Research Station. Photo by Vinicius Moreira

During the evaluation period, floating wetland modules
contained either three species of wetlands plants or only vetiver
grass. Water quality characteristics monitored included biological oxygen demand, phosphate, total suspended solids, fecal
coliforms, ammonia, nitrate, nitrite and dissolved oxygen each
month for 27 successive months. Monthly samples included
raw wastewater at the inflow pipe and first-stage effluent just
before entering the secondary treatment pond. Results from
influent and effluent data were compared as well as pre- and
post-floating wetland treatment design.
Water quality evaluation indicated significant declines
in the 27-month average concentrations of fecal coliforms
(58.9 percent), total suspended solids (65.9 percent), biological
oxygen demand (71.6 percent) and ammonia (19.2 percent) in
effluent wastewater after interaction with the planted floating
wetlands. In contrast, the nitrate and dissolved oxygen contents
of the effluent increased nearly five-fold, and nitrite increased
nearly three-fold compared to raw wastewater. Effluent phosphate concentration also increased by 12.6 percent, but it was
not significantly different from the influent wastewater.
A facility review of noncompliance events obtained from
the Louisiana Department of Environmental Quality (DEQ)
was conducted using discharge monitoring reports and
noncompliance reports for January 2007 through April 2015.
From January 2007 to March 2011, a period that preceded the
installation of floating wetlands, the treatment facility filed
28 non-compliance reports in the DEQ system. Most of these
were the result of excessive discharge of total suspended solids,
biological oxygen demand and fecal coliforms. The floating
wetlands were initially planted and installed in April 2011, and
plants were actively growing and maintained until April 2015.
During a 48-month period, regardless of the plants employed,
the operator had only five noncompliance events compared
with 28 for the 51-month period immediately preceding
floating wetland installation.
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The limitations of this evaluation of a wastewater treatment facility make it difficult to draw definitive conclusions
about the magnitude of effluent improvement, but it does
appear that floating wetlands may have improved treatment in
both first and second stages and can have a beneficial effect on
final-stage effluent water quality. This evaluation documented
significant concentration reductions in four parameters, three
of which (fecal coliforms, total suspended solids and biological
oxygen demand) had been responsible for the facility’s noncompliance issues prior to the floating wetland installation.
A previous AgCenter pilot study of a replicated and controlled dairy wastewater three-stage treatment system produced
similar trends. The 17-month pilot study evaluated floating
wetlands by sampling every three months, using influent and
effluent sampling as well as control comparisons. The data
indicated that floating wetlands appeared to improve treatment
effluent for total suspended solids by 10 percent, total solids
by 7 percent, chloride by 11 percent, chemical oxygen demand
by 10 percent, and total nitrogen, ammonia and ammonium
nitrogen by 7.5 percent.
Other factors may also have contributed in various
stages of treatment. Without a control treatment, floating
wetland contributions to water treatment could not be quantified, although data suggest that floating wetlands played an
important role in improving treatment at the sewage treatment facility. This observation needs more scientific support.
Overall, the two studies suggest that floating wetlands have
significant potential as a component of wastewater treatment.
This may be especially valuable where space and lagoon construction or enlargement are needed. Further studies under
controlled conditions are necessary in order to accurately
quantify the efficacy and costs of floating wetlands.
Vinicius Moreira is an associate professor in the School of Animal Sciences, and
Brian D. LeBlanc has the Roy and Karen Pickren Professorship in the School of Plant,
Environmental and Soil Sciences and is a specialist with Louisiana Sea Grant at LSU.

Nutrient Management and Water Quality
in Poultry Operations
William E. Owens

T

he poultry industry in Louisiana
is the No. 1 animal commodity.
Poultry generates approximately
$2 billion for the Louisiana economy
and is second only to forestry for all
commodities. With this increase, new
challenges have arisen. Handling and
disposal of poultry waste are major issues
for the poultry industry. Poultry waste
includes poultry manure, litter, bird
mortality and waste from hatcheries and
processing plants. Poultry best management practices have been developed to
guide producers in the most efficient,
safe and economical methods for handling poultry waste.
The LSU AgCenter Hill Farm
Research Station in Homer, Louisiana,

includes two demonstration houses that
can compare and evaluate the latest
innovations in equipment and management techniques for raising poultry
broilers under commercial conditions.
Recently, the demonstration houses
were used as the focal point for projects outlined in a Natural Resources
Conservation Service grant designed to
evaluate poultry management practices.
Key aspects of the grant included evaluating the impact of fan dust on water
quality, comparing in-house pasteurization of poultry litter to conventional
stacking, and educating producers.
Fan dust is the accumulation of
dust and fine debris generated by air
flow through the houses. The dust tends

to accumulate just outside the exhaust
fans. The dust is composed primarily
of fine poultry litter and is considered a
possible point source of pollution by the
U.S. Environmental Protection Agency.
Test results indicated that fan dust
caused a localized increase in nitrates
in runoff water but did not exceed
established limits of 10 milligrams per
liter. There was also a localized slight
increase in phosphorus but no increase
in total nitrogen. In this demonstration,
grass buffer strips were shown to be an
important management tool to mitigate
water quality problems (Figure 1).
Poultry litter is the poultry bedding
and poultry waste that accumulate in
the house as each flock grows. After

Figure 1. To demonstrate the impact of grass buffer strips, vegetation was suppressed in front of one collector (left)
and left intact in front of the other (right). During a rain event, water flowed downhill toward the collection unit
and was filtered by the grass buffer in front of the right collection unit.
Photo by William E. Owens
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Figure 2. Poultry litter is periodically
removed from houses and is then
available for application on fields or
crops as fertilizer. This photo shows
the accumulated litter from the
two broiler houses at the Hill Farm
Research Station, Homer, Louisiana.
This litter will be applied to hay fields
and pastures as a fertilizer.
Photo by William E. Owens

each flock, some of the litter is removed,
and new bedding is added prior to the
next flock. Periodically, all of the litter
in a house is removed and new bedding
is added. The removed litter is usually
stacked outside the house in a covered
litter barn until it can be applied to the
land as fertilizer. Many broiler producers
reuse litter from previous flocks to help
reduce the amount of litter for disposal
and to help defray production costs.
In-house pasteurization of broiler litter
can be a good management tool to allow
reuse. In this process, the litter is pulled
into long windrows within the house.
Each row is approximately 1.5 feet high
and 4 feet wide. The poultry litter will
then self-heat or compost, resulting in
a reduction of moisture, ammonia and
bacterial pathogens. This process, when
properly done, allows the litter to be
reused safely.
While poultry litter is a waste
product, it is also a valuable source of
nutrients and a much sought-after fertilizer (Figure 2). Poultry litter is heavily
34
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used as a replacement for commercial
fertilizer on pastures and row crops.
Proper use of poultry litter as a fertilizer
requires sound management techniques
to properly apply the litter and prevent
water quality problems.
Important facts and guidelines for
proper use of poultry litter as a fertilizer
include:
Poultry litter needs to be analyzed
for nutrient content before being applied
to an agricultural field because not
all litter is the same. A good expectation is a fertilizer equivalent of 3-2-2
(N-P2O5-K 2O). However, the actual
nutrient content depends on the type of
bird, what the birds are fed, the number
of flocks grown before the litter is
removed, the feed efficiency, and how the
litter is stored and handled.
Not all nutrients in litter are immediately available to plants. Most of the
nitrogen is in an organic form and must
be converted by microorganisms before
plants can use it. About 9 to 10 percent
is inorganic and immediately available.

This helps make the litter a slow-release
type of fertilizer, distributing the available nitrogen over the growing season.
Poultry litter is rich in phosphorus,
which is good if the soil is low in phosphorus but can present environmental
problems if the soil is already high in
phosphorus. High phosphorus levels
in the soil have been directly linked to
water quality problems.
Soil analysis needs to be done before
poultry litter is applied to the field.
This will help avoid overapplication of
nutrients and allow the most economical
use of the litter. If soil testing indicates
high phosphorus, then the local extension agent should be contacted for help
to determine the proper management
plan for the soil to avoid water quality
problems with phosphorus. One option
may be to alternate use of poultry litter
and commercial fertilizer as a nitrogen
source. Another option is to use litter to
meet the phosphorus need of the field
and to then use commercial fertilizer to
meet the additional nitrogen need. These

practices can help reduce the waterquality effect of excess phosphorus in the
soil.
Poultry producers need to develop a
nutrient management plan. Both the EPA
and the U.S. Department of Agriculture
encourage a voluntary approach to
handling nonpoint-source pollution
related to animal agriculture. The implementation of a comprehensive nutrient
management plan will ensure that the
nutrient value of the poultry litter is
managed in an environmentally friendly
manner. Guidelines for developing a
plan can be found in the LSU AgCenter
publication “Poultry Production Best
Management Practices” or by contacting
an AgCenter extension agent.
Dead bird disposal is becoming an
issue for the poultry industry. The recent

avian influenza outbreak in the United
States with the subsequent loss of large
numbers of poultry focused attention
on issues related to dead bird disposal.
Previously used methods to handle
dead birds include rendering, landfills,
incineration, composting and burial.
Rendering and landfills are restricted to
locations near enough to existing facilities to be practical. Incineration requires
special equipment and is costly, leaving
composting and burial as the most practical alternatives. Burial has traditionally
served as the most convenient method
for disposing of large numbers of birds.
It has the advantage of being relatively
low-cost and usually can be accomplished at or near the site of loss. Burial
pit dimensions and depths vary with
state regulations and are also dictated by

soil types and the number of birds to be
buried. Groundwater contamination is a
concern when burying poultry. Studies
are needed to determine the effects of
buried poultry on groundwater and to
determine if new methods can mitigate
those effects.
New studies are underway at the
Hill Farm to evaluate new and different
methods of bird disposal, including
in-vessel composting (Figure 3) and
shallow trench burial. These studies will
compare methods of bird disposal and
determine the most environmentally
friendly and economical methods to
handle bird mortality.
William E. Owens is the resident coordinator at the Hill
Farm Research Station, Homer, Louisiana.

Figure 3. In-vessel composters consist of a large vessel designed to hold mortality loss from poultry houses. The dead birds are added to the vessel along with a
carbon source such as wood shavings. The vessel turns slowly once daily to mix the contents, and the inside of the vessel is designed so that the contents move
slowly to the outlet port. Air is periodically infused into the chamber, and the contents undergo aerobic composting. Temperatures typically reach 140 degrees
F, which is sufficient to destroy all bacterial and viral pathogens and reduce the contents to a useable mulch. The expelled mulch is rich in nutrients and has no
objectionable odors. It can be spread on pastures is a similar manner to poultry litter. Photo by William E. Owens
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Gulf of Mexico and
Louisiana Inland Hypoxia
Brian D. LeBlanc

H

ypoxia is a common environmental condition found
in bodies of water. The term
hypoxia is used to describe low dissolved oxygen concentrations that have
the potential to interfere with normal
ecosystem functions. An example often
cited is oxygen concentrations in nearbottom waters that can negatively affect
aquatic animal survival or reproduction.
Hypoxia can be caused by a combination of water quality conditions that
include excessive amounts of fertilizer
in runoff, high water temperatures and
excessive amount of salt. These and other
factors combined can create extremely
low levels of dissolved oxygen that can
reduce or alter fish and aquatic wildlife
populations.
Hypoxia in the Gulf of Mexico is one
of the most publicized chronic environmental conditions in the United States.
First noted in the 1970s and documented
and measured since the mid-1980s, the
size of the zone varies yearly depending
on several factors, including the amount
of rainfall in the Mississippi River watersheds and tropical storms in the Gulf.
Scientists have documented variations in
zone size from year to year, but it averages around 5,000 square miles per year.
Overenrichment of nutrients from
runoff, including phosphorus and
nitrogen, into the warm waters of the
Gulf has a significant impact on the
hypoxia zone, and production agriculture and people from all walks of life can
play a part in reducing the potential for
36
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nutrient runoff. Nitrogen and phosphorus are nutrients essential to agricultural production and all life on earth.
Although these elements are important
and always present, excess or unused
amounts, which run off the landscape via
rainwater into streams, lakes and rivers,
can promote the overgrowth of algae.
Too much growth of algae often leads to
an algae “crash,” or die-off, and as these
micro plants begin to decompose, the
process of decomposition uses the water’s
dissolved oxygen and can lead to hypoxic
conditions that rob fish and other aquatic
organisms of needed oxygen. Excess
nutrients come from a variety of watershed sources, including animal and crop
production, human wastewater, natural
atmospheric deposition, and suburban
and urban activities like overfertilization
of lawns and golf courses, to name a few.
Some research has indicated the
Upper Mississippi River drainage basin,
which includes the Missouri, Ohio and
Upper Mississippi rivers and associated
watersheds, delivers about 80 percent of
the total nitrogen and about 74 percent
of the total phosphorus load to the Gulf.
The Lower Mississippi River drainage
area, which includes the Arkansas,
White, Red, Yazoo and Atchafalaya
river watersheds, delivers only about a
quarter of the nitrogen and phosphorus
load. The hydrologically modified
Mississippi River in Louisiana, which
has been disconnected from its historic
floodplain by levees, limits some nutrient
contributions from Louisiana watersheds

from being discharged directly into the
Gulf of Mexico via the Mississippi River.
According to the 2014 Louisiana Nutrient
Management Strategy, and based on U.S.
Geological Survey watershed modeling,
Louisiana contributes only 1.7 percent
and 2.4 percent, respectively, of the total
nitrogen and phosphorus loads reaching
the Gulf.
Although low by comparison to the
upper and middle drainage basins of the
Mississippi River floodplain, Louisiana’s
contribution is not insignificant to the
Gulf hypoxic zone, and further, hypoxia
conditions are not limited to the Gulf of
Mexico. Equally important to Louisiana
is the contribution of excess nutrients
from all sources, including inland lakes,
rivers, bayous and estuaries, which are
often affected by land use practices
surrounding them. According to a 2016
report from the Louisiana Department
of Environmental Quality, Louisiana has
274 internal and coastal bodies of water
listed as impaired for fish and wildlife
propagation due to low dissolved oxygen
or high concentrations of nutrients. A
number of these impairments are suspected of being from natural sources, but
a significant number are also attributed
to previously described watershed
sources such as agriculture, urban/suburban runoff, silviculture, and human
sewage effluent.
The LSU AgCenter has long recognized both the economic and environmental benefit of reducing excessive,
unnecessary and improper use of

Upper Mississippi
River Basin

Missouri
River Basin

Ohio
River Basin

Arkansas - White
River Basin

Lower Mississippi
River Basin

nutrients. Eleven commodity-specific
BMP manuals are online at the website at www.LSUAgCenter.com. Often
these manuals are used as in Master
Farmer programs but are available to
anyone regardless of Master Farmer
participation.
The AgCenter and Louisiana Sea
Grant at LSU are collaborating with
Sea and Land Grant Universities in the
upper Midwest and the National Weather
Service to develop Runoff Risk Decision
Support (RRDS) tools for Louisiana and
other states in the south and central
Mississippi River Drainage Basin. RRDS
tools are state-led and will be specific
for individual states and regions. More
than just forecasting weather, these tools
incorporate National Weather Service
modeling, past and predicted weather
patterns, humidity, temperature, soil
conditions and type, topography, and
several other factors to provide guidance to producers on application timing
decisions and reduce the risk of valuable
applied nutrients being lost to runoff.
The hope is RRDS tools will eventually
encourage voluntary behavioral change
as farmers incorporate nutrient application timing concerns into their shortterm planning.
Brian D. LeBlanc is Roy and Karen Pickren Professor in
the School of Plant, Environmental and Soil Sciences
and a specialist with Louisiana Sea Grant at LSU.
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The Gulf of Mexico receives drainage from six large watersheds and comprises 41 percent of the
drainage for the 48 contiguous states of the U.S., making it the third largest watershed drainage
system in the world. Reproduced from the Louisiana Universities Marine Consortium website at
lumcon.edu
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promote overgrowth of algae, which eventually die. The resulting bacterial decomposition uses
large amounts of oxygen and can cause marine life to be displaced or die. Reproduced from the
Louisiana Universities Marine Consortium website at lumcon.edu.
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Conservation of Water Quality Through
Forest Management
Michael A. Blazier

L

ouisiana is part of a region of the
United States with remarkable
diversity of aquatic resources. For
example, waters of the southeastern
United States are home to the highest
diversity of salamander species in the
world. It is also estimated that the southeastern United States has approximately
90 percent of the world’s freshwater
mussel species, and the region’s fish
species variety is the highest in North
America north of Mexico.
Forests coincide with much of
Louisiana’s water bodies, so forest management practices are conducted with
conservation of water quality in mind.
Nearly half of Louisiana is covered with
forests, and the state has a robust forest
products industry that contributed $11
billion to the state’s economy in 2016.
Many forests are managed to improve
their survival and growth, and they are
Michael A. Blazier. Photo by Olivia McClure
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partially or fully harvested every 15 to
40 years or more (with harvest intervals depending on the tree species and
products for which they are managed)
to be made into products such as paper,
paneling and structural lumber.
To assure forest management
activities protect water quality, forest
management professionals and loggers follow best management practices.
The Dictionary of Forestry defines best
management practices as “a practice or
usually a combination of practices that
are determined by a state or designated
planning agency to be the most effective
and practicable means (including technological, economical and institutional
considerations) of controlling point
and nonpoint source pollutants at levels
comparable with environmental quality
goals.” A point-source pollutant for
water is a contaminant that can be traced

to a single source, such as a pipe; such
pollutants are not typical of forest management. A nonpoint-source pollutant
for water is a contaminant that cannot
be traced to a single source. Forestry
activities can be associated with nonpoint-source pollution, so best management practices are used for conducting
forestry operations to minimize this risk.
Decades of research has revealed that
when properly conducted, forestry best
management practices are effective at
minimizing the effects of forestry operations on water quality.

BEST MANAGEMENT
PRACTICES FOR FOREST
MANAGEMENT ACTIVITIES

Forestry activities that expose and
disturb bare soil can lead to contamination of water bodies with errant nutrients
via soil erosion. Forestry operations that
have this potential and best management
practices developed to minimize their
effects on water include:
Roads. Forest roads are essential for
managing forests and protecting them
from fire, but they can be a source of
erosion if improperly constructed. Best
management practices for planning roads
consist of constraining the extent of road
networks, minimizing stream crossings, crossing streams at right angles,
and avoiding road construction in areas
with excessive slope. Considerations for
road construction include minimizing
exposed soil on roadsides, installing
water diversion structures such as culverts and ditches during construction,
including structures such as waterbars
(narrow depressions) within roads to
slow water runoff during heavy rain
events, and ensuring that culverts are of
proper size to carry water during heavy
rains.
Timber Harvesting. Felling and
moving (skidding) trees during harvests

Figure 1. Shortleaf pine seedling (encircled) planted near a logging deck in
Claiborne Parish. Logging debris was scattered onsite to reduce soil erosion
risk. Gravel was also placed along the logging road at a point of heavy traffic
to protect soil.

can disturb soil. Best management practices to minimize soil movement into
water focus on avoiding harvest during
weather conditions that could increase
risk of soil movement, minimizing the
number and size of skidding trails,
keeping skidding loads light, scattering
logging debris onsite to prevent rutting (Figure 1), minimizing or avoiding
stream crossings, and minimizing the
number of logging decks (areas where
trees are de-limbed, piled and loaded
onto trailers). A prominent best management practice for harvesting is the
creation of streamside management
zones. A streamside management zone is
a designated area composed of a stream
and a region around streams in which
forestry activities are restricted (Figure
2). Streamside management zones serve
as a vegetative filter for soil and nutrients
to restrict their movement into streams.
Suggested widths for streamside management zones are 35 feet on each side of
intermittent streams (streams that flow
seasonally) and 50 to 100 feet on each
side of perennial streams (streams that
flow continuously). Tree removals and
equipment traffic during harvesting are
kept to a minimum or avoided within
streamside management zones, and no
logging decks are located within these
zones.
Reforestation. After forests are fully
harvested they are replanted, often with
tree seedlings (Figure 1). Soil conditions
such as root-restricting subsoil layers
and high water tables are impediments

Figure 2. Streamside management zone surrounding a perennial stream
within a loblolly pine forest in Claiborne Parish. Trees were left unharvested
for at least 100 feet on both sides of the stream. To protect the stream from
soil displacement, the stream crossing was constructed at a right angle to the
stream and gravel was placed in the streambed at the crossing.

to seedling survival and growth, and
these conditions can be ameliorated
by skidder-drawn implements such as
subsoil shanks and discs. Tractor-drawn
machine planters are also an effective
alternative to hand-planting seedlings for
some sites. To reduce the erosion potential of these operations, they are avoided
within streamside management zones, on
sites with steep slope, and on sites with
highly erosive soils. Where conducted,
mechanical soil improvement and
machine planting are done by following
land contours.
Suppressing competing vegetation
with herbicides in the initial year of
forests greatly enhances seedling survival
and growth. Prominent best management
practices for herbicides include avoiding
herbicide applications directly to water
bodies, following herbicide labeling to
minimize drift of herbicides to nontarget areas, and minimizing or avoiding
herbicide application within streamside
management zones. These best management practices are also followed for fertilization, which is sometimes conducted
for forest plantations.

BEST MANAGEMENT
PRACTICES TRAINING

Implementing best management
practices requires accounting for complex interactions of site, hydrology and
equipment factors. These practices
were developed with the best available
research information and operational
experience, and they are continually

refined through ongoing research and
monitoring efforts. Several important
programs were developed in the mid1990s to facilitate training on and
adoption of best management practices.
For forest management professionals,
the Society of American Foresters
administers the Certified Forester
program. Under this program, professionals undergo continual training on
the science and practice of sustainable
forest management, including best
management practices. Similarly, the
Louisiana Master Logger program
administered by the Louisiana Forestry
Association provides technical training
on logging safety, best management
practices and environmental considerations. For forest landowners, there
are forest certification programs, such
as the Sustainable Forestry Initiative
and American Tree Farm System, that
certify their forests are managed with
best management practices. In cooperation with these programs, LSU AgCenter
forestry extension workshops provide
Continuing Forestry Education and
Continuing Logger Education credits for
attendance. Through cooperative efforts
among forest landowners, management
professionals, natural resource agencies,
and university research and extension,
forestry best management practices are
widely conducted in Louisiana to sustain
water quality along with healthy forests.
Michael A. Blazier is a professor of forestry at the
Hill Farm Research Station and School of Renewable
Natural Resources.
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Improving Water Quality in
Lake St. Joseph
Lisa M. Fultz and James Hendrix

E

very decision land managers make can potentially affect
their watershed — their community’s streams, rivers and
lakes — and even the aquifers deep underground.
Just 9.5 percent of Louisiana is freshwater, usable for aquaculture and fisheries, wildlife and recreation and agricultural
production, making surface water quality a priority across the
state.
Using a set of conservation measures known as best
management practices (BMPs), agricultural producers have
the potential to reduce nutrients and sediment in runoff and
improve the water quality of lakes, rivers, streams and, ultimately, the water that makes its way to the Gulf of Mexico.
In 2002, the 1,197-acre Lake St. Joseph in Tensas Parish
was added to the Environmental Protection Agency’s 303(d) list
of impaired and threatened waters.
The lake did not meet standards for fish breeding because
of several reasons: turbidity, which is a lack of water clarity;
excess nutrients from fertilizer runoff; and sediment loading
and low amounts of dissolved oxygen.
Formed about 3,000 years ago, the oxbow lake receives
water from the surrounding 17,835-acre watershed in northeast
Louisiana.
Primary land use for the area includes row crop production, which, under conventional management practices, leaves
the soil surface bare and results in losses of soil and nutrients that flow into surface waters like Lake St. Joseph. With
increased sediment loads into surface waters comes the decline
of water quality of surrounding water bodies and can lead to
habitat loss.
A set of best management practices — standards designed
to improve water quality — was designed for agricultural
producers in the watershed to reduce negative environmental
impacts while still maintaining or increasing profits.
Starting in 2011, the LSU AgCenter, the Louisiana
Master Farmer Program and the Louisiana Department of
Environmental Quality began a water quality monitoring
project at Lake St. Joseph.
Monthly water quality samples were collected in the first
phase of the project from 2011 to 2013. These samples provided
the baseline for the lake to determine the success of best management practices that would be implemented in the watershed.
In Phase II from 2014 to 2015 and Phase III in 2016, several
practices were implemented within the watershed, and water
quality continued to improve.
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Incidents of dissolved oxygen falling below the 5 milligram
per liter standard decreased by 9 percent, and sediment loads
decreased along with total phosphorus, total nitrogen and biological oxygen demand.
As of the 2016 Water Quality Integrated Report
(305(b)/303(d)), Lake St. Joseph’s turbidity impairment was
removed. While the lake remains on the impaired list for fish
and wildlife propagation, the delisting for turbidity has been a
major success.
Much of this improvement is linked to practices implemented in the watershed by the Louisiana Department of
Agriculture and Forestry, the Natural Resources Conservation
Service, the Tensas-Concordia Soil and Water Conservation
District and the LSU AgCenter. These practices include residue
management, cover crop planting, nutrient management and
land grade stabilization.
One example, funded through an NRCS Conservation
Innovation Grant, was the use of cover crops planted over
drainage ditches, which remove excess moisture from fields.
The project examined the effectiveness of cereal rye versus
wheat in 2014. In 2015 and 2016, the project studied different
widths of wheat covers serving as filter strips in a soybean field
within the Lake St. Joseph watershed.
Water quality samples were collected following rainfall
events at the end of each filter strip and monthly from Lake St.
Joseph starting in 2012.
In 2014, the filter strips, regardless of the crop species,
decreased total suspended solids by 57 percent, orthophosphate-phosphorus by 37 percent and total nitrogen by 39 percent, compared to bare ground controls.
Despite poor sampling conditions in 2015 and 2016, first
flush samples indicated a decrease in total suspended solids by
54 percent, orthophosphate-phosphorus by 50 percent, total
phosphorus by 44 percent, and ammonium-nitrogen by 65
percent, regardless of filter size.
Implementation of new practices and maintenance of
existing practices are both essential to the continued improvement of water quality in Louisiana’s surface waters.
Lisa M. Fultz is an assistant professor, School of Plant, Environmental, and Soil
Sciences, and James Hendrix is a conservation agronomist in the Northeast Region.

James Hendrix, an AgCenter watershed specialist and a Master Farmer Program educator, holds an example of the invasive water hyacinth at Lake St. Joseph.
The non-native plant increases sediment in the waterway and causes oxygen drop-off. Photo by Karol Osborne

AgCenter agent James Hendrix tours one erosion-prone site near Lake St. Joseph. Erosion and runoff from area fields contribute to high turbidity — a term for
measuring the murkiness of water — in Lake St. Joseph. The lake was listed as a threatened waterway in 2002, but work by state and federal agencies, the LSU
AgCenter and local farmers has helped the water quality improve. Photo by Karol Osborne
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Native Plants As Filter Strips
Lewis Gaston

A

filter strip is a conservation practice defined by the
U.S. Department of Agriculture Natural Resources
Conservation Service as a “strip or area of herbaceous
vegetation that removes contaminants from overland flow.” It
is used to protect environmentally sensitive water bodies from
suspended solids (typically with contaminants bound to them)
and dissolved contaminants in natural runoff and excess irrigation. A filter strip functions similarly to other conservation
practices including riparian herbaceous and forest buffers to
reduce runoff. The latter apply to slowing water, whereas a filter
strip also has the additional requirement to trap suspended
solids and adsorb dissolved chemicals and nutrients. For any
of these to work, runoff entering and passing through them
must be more or less uniform in depth and not concentrated
in shallow channels or gullies, which must be eliminated when
the practice is established and maintained. If this condition is
met, the velocity of uniform, shallow runoff entering the filter
strip (or buffer) is reduced, and solids tend to settle out of suspension as runoff passes through it. Trapping solids in a filter
strip is further enhanced because it has by design no more than
half the grade of the field discharging into it and a width of at
least 20 feet based on the expected sediment load.
The minimum effective width is strongly affected by the
density of vegetation near the soil surface. Therefore, higher
seeding rates than normally used for establishing a hay field are
recommended. Stiff-stemmed plants that establish quickly, can
survive partial burial by sediment and are tolerant of herbicides
used in the area are recommended.
Because a filter strip is a distinctly different land use, it
increases diversity of the landscape mosaic. It also contributes to wildlife habitat and benefits pollinators. To best meet
these requirements, native grasses and other plants should be
included in the seeding mix (excluding poisonous species, and
if cut for hay or lightly grazed, unpalatable species). Native

A filter strip of native
grass and bermudagrass
separates two fields
on the Hardwick farm
in northeast Louisiana.
Filter strips are designed
to stop fertilizer and
chemical runoff from
agricultural fields from
getting into waterways.
Photo by Kyle Peveto
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Louisiana grasses include big and little bluestem, eastern
gamma grass, Indian grass and switchgrass, which vary from
fair to good forages. Native legumes include herbaceous
mimosa and prairie acacia, but the latter is toxic to sheep.
Bunching grasses alone, however, may not be highly effective in reducing the concentration of suspended and dissolved
solids because of reduced coverage at ground level. Research
has shown that a vegetative barrier of switchgrass at the leading
edge of a filter strip improves its performance in removing
contaminants. Incorporating native grasses into a filter strip in
this way, as well as using other native species in the downslope
filter strip, may help achieve both the main and secondary
objectives.
Filter strips perform most effectively when combined with
conservation practices that keep fields covered. Management
systems that incorporate no-till, reduced-till and cover crops
minimize soil particle detachment and off-field movement.
When the sediment load reaching a filter strip is reduced, the
lifespan of the filter strip is increased. Cover crops help to
intercept nutrients that would ultimately be dissolved in water
running off the fields and cycle them back into the soil for the
following cash crop.
Filter strips in general are more effective in reducing
sediment loss than reducing dissolved chemicals. Minimizing
the loss of chemicals and nutrients dissolved in runoff depends
on their adsorption onto organic material and soil in the filter
strip, which for soil is greater if the existing adsorbed concentration is low. A case in point is dissolved phosphorus. To
minimize soil phosphorus and maximize its retention, plants
in the filter strip should be harvested to remove the phosphorus
taken up. However, care should be taken in harvest and other
management activities to limit damage to the stand and least
affect wildlife.
Lewis Gaston is a professor in the School of Plant, Environmental and Soil Sciences.

Minimizing Potential Nutrient Runoff in Beef
Cattle Production Systems Through
Best Management Practices
Donna Morgan, Jeff Gurie and Glen T. Gentry

B

est management practices in agriculture help reduce the
amount of nonpoint-source pollution, such as sediment,
nutrients and pathogens, from entering surface water
and groundwater. These practices can be a voluntary means for
agricultural producers to make their operation more sustainable and at the same time improve water quality. Studies conducted at the LSU AgCenter Dean Lee Research and Extension
Center in Alexandria evaluated a number of practices used in
livestock and forage production, specifically nutrient management and conservation tillage. Nutrient management is
managing the amount, source, form, placement and timing of
fertilizers and other plant nutrients while protecting the environment. Conservation tillage conserves soil, water and other
resources by reducing tillage intensity. Altering any of these
variables can affect not only forage production but the potential
for pollutant runoff.

CONSERVATION TILLAGE STUDY

In 2013, a two-year study was begun to evaluate how traditional and conservation tillage planting methods for winter
forages affected forage growth and nutrient runoff in a cow-calf
grazing system. Water quality data collected throughout the
growing season resulted in higher concentrations of total phosphorus and phosphates in runoff from sod-seeded plots compared with prepared seedbed, drill seeded, and an unplanted or
untreated plot.
In sod-seeded plots, the soil is not disturbed before
planting, and seed is broadcast across the top of the sod. In a
prepared seedbed, the land is cultivated, typically to a depth
of 4 to 6 inches, before seed is planted. In drill-seeded plots,
cultivation is kept to a minimum, and the seed is planted into
narrow trenches cut into the sod.
Higher nutrient concentrations from the sod-seeded plots
may have been due to fertilizer being applied to undisturbed,
compacted soils, and nutrients were more vulnerable to heavy
rainfall. However, the prepared seedbed offered more grazing
opportunities compared with all other treatments.

SOURCES OF NITROGEN STUDY

A second study conducted in 2015 included a winter ryegrass (Lolium) and a summer hayfield component, specifically
Alicia bermudagrass (Cynadon dactylon). Fertilizer treatments
included urea ($380 per ton), urea treated with the nitrogen
stabilizer Agrotain ($443 per ton), and the controlled-released, polymer-coated urea Environmentally Smart Nitrogen

($480 per ton). For the winter season, ryegrass was planted
into prepared seedbeds and received a total of 150 pounds
of nitrogen per acre. Mature cows grazed the plots at recommended forage heights (8-10 inches) throughout the season.
The Environmentally Smart Nitrogen plots received half the
required total nitrogen at planting and the balance applied
during the first week of January. The urea and urea + Agrotain
plots received 30 pounds of nitrogen per acre after ryegrass
reached 3-4 inches in height, with subsequent 30-pound-peracre applications after each grazing session. Results showed
no difference in runoff concentrations of nitrates across
treatments.
Although the trials produced no differences in forage
quality or average dry matter, the Environmentally Smart
Nitrogen plots reached initial grazing height 10 days sooner
than other treatments and recovered within 21 days after the
first grazing. Because of this, those plots were grazed a total
of six times by April 30, compared with five times on all other
treatments.
The summer component included the same nitrogen
sources, with the recommended 200 pounds per acre of total
nitrogen applied for the growing season. Similar to the winter
applications, the Environmentally Smart Nitrogen plots
received half the recommended nitrogen in the initial application and the balance after the second hay cutting. To initiate
growth in these coated-urea plots, a blend of 60 percent coated-urea and 40 percent urea comprised the first application.
Urea or urea + Agrotain was applied to other plots at 67 pounds
of nitrogen per acre initially and subsequently after the second
and third hay cuttings. Data collected showed no differences in
forage dry matter, quality or yield across treatments.
In summary, multiple variables can affect the amount of
nutrients leaving a field or pasture as well as forage production
and quality. Rainfall intensity, in relation to fertilizer applications, may be one of the greatest contributors of nutrient loss.
Soil type and texture as well as vegetative cover at the time
of rainfall also have a significant impact on nutrient concentrations and volume. Based on these results, growers should
use this information and other relevant research to determine
which management practices are beneficial to their unique
production systems.
Donna Morgan is a conservation agronomist; Jeff Gurie is a research associate
and livestock farm manager for the Dean Lee Research Station in Alexandria; Glen
T. Gentry is an associate professor and research coordinator at the Bob R. JonesIdlewild Research Station in Clinton.
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Innovative Pollution Reduction
Practices on the Northshore of

Lake Pontchartrain
Carol Franze and Brian D. LeBlanc

A

lush rural setting, the Northshore of Lake
Pontchartrain with its dominant pine forests, abundant rivers and streams, and proximity to metropolitan New Orleans is an attractive place for people wanting
to build new homes. Since 2005, an exponential growth
rate caused by loss of coastal land and people seeking protection from tropical storms increased the population of
the Northshore beyond local 25-year projections. With this
unprecedented growth comes a burden on local infrastructure and increased water pollution to rivers and streams.
Water pollution is regulated by the U.S. Environmental
Protection Agency through the Clean Water Act. In an effort
to stop or reduce the pollution to local waterways, a joint task
force was formed by local parish governments and the Lake
Pontchartrain Basin Foundation, with technical assistance
from the Louisiana Department of Environmental Quality,
the EPA, the St. Tammany Parish Department of Health and
Human Services, and LSU AgCenter specialists.
The task force meets bimonthly to identify issues and
devise strategies to reduce and prevent water pollution.
Pollution is described as point source (identified) and nonpoint source (cannot definitively identify one specific source).
Point-source pollution scenarios include things like broken
sewer lines, illegal dumping and inadequate or overloaded
sewerage systems. Nonpoint sources are typically from
stormwater runoff or improperly working septic systems.
Depending upon the pollutant, fish and other wildlife can be
killed outright from pollution or indirectly by low dissolved
oxygen that can slowly stress the animals, causing sickness
and decreased reproduction.
Louisiana is required to conduct water quality surveys
of stream segments to determine pollution loading. These
surveys have identified pollution-loading hot spots, which are
areas in waterways that fail the EPA dissolved oxygen standard. The hot spots result from too great a load of oxygen-demanding constituents that overburden a stream’s ability to
cleanse itself or maintain the water quality standard. Many
hot spots result from home sewer system failures. Visual
inspections of ditches in areas dominated by home systems
show low-oxygen septic conditions dominated by solids.
During rainfall events, these solids wash from the ditches into
receiving streams, resulting in dissolved oxygen collapse.
The task force recognized that homeowners do not
always know the correct procedure for maintaining their
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septic systems. In response, St. Tammany Parish applied for
and received EPA funding to conduct door-to-door inspections of septic systems, assess functionality, identify needed
repairs for homeowners to complete and train homeowners
to properly operate and maintain their systems. The parish
monitored water quality in the affected watershed before the
program began and continues throughout the inspection
process to track improvements to waterways. In older subdivisions, low-income homeowners who qualify can have their
units repaired or replaced through a separate HUD grant
administered through the St. Tammany Parish Department of
Health and Human Services. These efforts have been successful in reducing pollution in local watersheds. Preliminary
results indicate a significant reduction in oxygen-demanding
substances because of the home sewer system inspection and
repair program.
Additionally, the parish has completed a three-year study
to reduce stormwater pollution by converting detention or
retention ponds to water quality ponds to test effectiveness
of three management practices. The tested practices were
aeration, a floating wetland and vegetative planting of a dry
detention basin. Water quality was measured entering and
exiting the ponds; removal efficiencies were calculated and
compared with standards from the International Stormwater
Quality Database. Plants in the floating wetland used excess
nutrients in the water as fertilizer to stimulate growth. By
the third year, the pond became a habitat for fish and wildlife and an amenity for homeowners in the subdivision. Data
from the St. Tammany Parish study indicate the retrofitted
water quality ponds are reducing pollution in several local
watersheds.
One of the fundamentals of behavior change is through
youth education. To encourage good stewards of the environment, AgCenter personnel developed an education program
for youth in the region. Area students participate in wetland education events where they learn about wetland plant
functions and the role plants play in water pollution reduction
and habitat restoration. These wetland programs are taught
throughout the region at local state parks and parish facilities
as well as at the Shell Robert Training and Conference Center
in Tangipahoa Parish.
Carol Franze is an associate area extension agent, and Brian D. LeBlanc has the Roy
and Karen Pickren Professorship in the School of Plant, Environmental and Soil
Sciences. Both are specialists with Louisiana Sea Grant at LSU.

Brian LeBlanc, professor in the School of Plant, Environmental and Soil
Sciences, shows students from Hammond Eastside and Champ Cooper
Elementary schools how to determine dissolved oxygen concentration in a
water sample at the Louisiana Wetlands Exploration Day at the Shell Robert
Training Facility in Robert, Louisiana, on the Northshore.
Photo by Johnny Morgan
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Influence of Residue Management Strategies
on Sugarcane Yield and Water Quality
Magdi Selim, Brenda Tubaña, Allen Arceneaux and Chris Coreil

S

oil conservation production systems in agriculture are
characterized by the presence of mulch residue left on the
surface, which protects the soil from erosion. In sugarcane
production there is considerable interest in the effect of the
sugarcane residue, or mulch cover, on reducing soil sediment
and nitrogen and phosphate nutrient losses. Numerous studies
on several crops have shown that crop residue or surface mulch
can enhance weed control and reduce off-target herbicide
losses. This information is essential for the implementation
of control measures or corrective actions needed to reduce
chemical leaching and sediment losses from cropland and thus
reduce contamination of surface water and groundwater. Some
10 years ago, the effectiveness of sugarcane mulch residue in
south Louisiana on the retention of applied herbicides and their
leaching losses in runoff was investigated at the LSU AgCenter.
It was reported that significant amounts of applied herbicides
were intercepted by the sugarcane mulch residue.
Since the mid-1990s, the Louisiana’s sugarcane industry
has adopted a harvesting technology that involves use of a combine harvester, which cuts the cane stalks into short lengths,
called billets. Extractor fans in the combine separate leaf material from billets and deposit the leaf residue on the soil surface.
In Louisiana, a major economic concern is the effect of the
presence of residue on sugarcane yield. A number of AgCenter
studies reported reductions in subsequent sugar yields when
the residue was not removed. Burning the residue prior to or
following harvest reduces the effect of the residue on crop
emergence in the spring and ultimately on sugar yield. A recent
AgCenter study measured the long-term effect of post-harvest
crop residue management on the sugarcane yield for three
production cycles. Retaining the residue resulted in reduced
yield and stalk populations. Burning resulted in an average
sugar yield increase of 0.43 tons per acre over full retention of
residue (no-till) and 0.28 tons per acre over sweeping, which is
a method of mechanically removing the residue with sweeper
brushes. The researchers concluded that yield reductions from
not removing crop residue were a result of timing and confined
to ratoon crops within a production cycle.
Lower sugar yields when the residue was mechanically
removed by sweeping were likely due to damage caused by the
mechanical actions of the sweeper brushes. For other grass
crops, such as perennial ryegrass and tall fescue, mechanical removal of residue has been reported to be as effective as
burning. Therefore, sugarcane yield reduction can be minimized if residue is mechanically removed from the top of the
cane rows. Subsequently, improvement in mechanical residue
removal would result in minimizing stubble damage as well as
soil losses from the top of the sugarcane rows. An improved
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sweeper may be key to sugarcane producers adopting sweeping
as an alternative to burning.
LSU AgCenter researchers conducted a study focused on
implementing residue management strategies by using a new
sweeper capable of removing sugarcane residue off the top
of the rows with minimal soil surface losses and damage to
stubble cane. To achieve this goal, three management strategies were evaluated: (1) burning the mulch after harvest; (2)
sweeping the mulch off the top of the row; and (3) leaving the
mulch undisturbed. Sugarcane plant populations and cane and
sugar yields were measured for each treatment. Runoff losses
were measured along with water quality parameters including
total and dissolved sediment, turbidity, nitrate and phosphate.
The focus here was to evaluate a mechanical residue
removal implement for minimizing soil and nutrients losses
and any reduction in sugarcane yield. The implement was
used with the assumption that improving mechanical residue
removal is prerequisite for minimizing stubble damage as well
as soil losses from the top of the sugarcane rows.
Field studies were carried out at four experimental sites
during the 2012 through 2016 growing seasons. In 2012, two
experiments were established near Paincourtville, one at
Dugas Farm and one at Gravois Farm. At Gravois, three plots
larger than one acre each were selected, and the following
management practices were implemented: (1) burning the
mulch after harvest; (2) sweeping the mulch off the top of the
row; and (3) no-till, or leaving the mulch on the soil surface.
The researchers measured water quality through edge-of-field
sampling. The experiments at Dugas Farm consisted of three
treatments and two replications. Each plot consisted of six rows
300 feet long. For both Gravois and Dugas sites, all treatments
were applied in January 2013 after the plant cane was harvested
in December 2012. Stalk counts were collected in August 2013,
and the first stubble cane was harvested in December 2013
for both sites. Ten stalk samples were collected at harvest and
processed at the LSU AgCenter Sugar Research Station in St.
Gabriel for sucrose analyses. In the meantime, water quality
was monitored throughout the growing season, and samples
were collected when rainfall amounts were sufficient to initiate
runoff. Collected samples were analyzed for sediment, nitrogen
and phosphorus.
During 2015, a site at Duson was initiated and consisted of
the same three treatments and two replications. The plots were
three rows wide and 480 feet long. Second stubble was harvested in December 2014. A site at the Sugar Research Station
was also initiated in 2015 and consisted of the same three
treatments with four replications. The first stubble cane was
harvested in November 2015. This experiment was continued

in 2016. The treatments were applied in January 2016. The
second stubble cane was harvested in November 2016, and stalk
counts were collected.

SUGARCANE YIELD

For first stubble cane, the use of the modified sweeper was
similar to the conventional burn treatment. This result was
consistent for the two locations for the 2013 growing season.
For the Gravois site, the total yields were 34.8 tons per acre
for the sweep treatment and 35.1 tons per acre for the burn
treatment. For the Dugas site, yields were 33.3 tons per acre
for sweeping and 33.8 tons per acre for burning. These results
contrast with earlier work reported on sugarcane since 2001
when yield losses ranged from 9 to 14 percent when sweepers
were used compared with conventional burning. In 2014, at the
Gravois site, the total yield was 28.7 tons per acre for the sweep
treatment and 28 tons per acre for the burn treatment, a difference of only 2.5 percent.
For 2015, yield results from the Duson site were relatively
low due to extreme drought conditions in the surrounding
region, where less than 2 inches of rain were recorded between
June and harvest on Oct. 2. Such droughty conditions were
responsible for the observed higher yield when the mulch was
not removed due conservation of soil moisture under no-till.
Nevertheless, cane yield and total sugar were comparable for
the sweeper and for the burn treatment. Therefore, in spite of
summer drought at Duson, the sweep treatment did not result
in yield reduction when compared to the conventional burn
treatment. The St. Gabriel site did not experience droughts of
the magnitude of Duson during 2015, and considerably higher
yields were realized. In fact, cane yields were comparable for all
treatments; 30.8 tons per acre for burning, 32 tons per acre for
mulch and 30 tons per acre for sweeping.
Based on results from the Duson and St. Gabriel sites
during 2015 and 2016, yield and sugar were comparable for the
sweep and the burn treatments. Average yields for different
locations and varieties are given for all treatments, showing
evidence that using a modified sweeper is recommended as a
best management strategy. This finding was based on results
from four growing season, four varieties and four sites.

turbidity was observed during 2014 compared to 2013, which
is likely due to higher rainfall in 2014. Concentrations of
phosphate and nitrogen in the effluent from the runoff were
extremely low and did not exceed 1 part per million (ppm)
during the entire sampling period with a mean value of 0.4
ppm for all treatments. In earlier studies, phosphate did not
exceed 1.3 ppm in the effluent over two growing seasons (20082009). For nitrogen, nitrate concentrations were extremely low
and exhibited no obvious pattern over the sampling period.
The only exception is for the burn treatment, where significantly higher nitrate levels were observed. This high concentration was perhaps due to burning the residue. Nevertheless,
nitrate levels after mid-July were extremely low for all treatments (0.2 to 1.1 ppm).
These results imply that the environmental effect of
nutrient losses from sugarcane fields were minimal for all
management strategies investigated in the study. Specifically,
the use of a sweeper as a management practice did not contribute additional nutrient losses from sugarcane fields when
compared to conventional burning. Water quality data — for
example, sediment losses of phosphate and nitrogen from the
edge of a field — are comparable for sweep, conventional burn
and the no-till treatments.
The findings from this study were:
• There was no significant difference in dissolved
solids and total solids, turbidity, phosphorus and
nitrogen. In fact, the influence of the sweeper on soil
and nutrient losses was comparable to runoff from
burning and mulch management strategies.
• Sugarcane yield was not significantly different
between mulch or burn treatments. This finding was
based on results from four growing seasons (20132016) and four locations.
Magdi Selim holds the A. George and Mildred G. Caldwell Endowed Professorship
in Agronomy and Soils, Brenda Tubaña holds the Jack E. and Henrietta Jones
Professorship, and Allen Arceneaux is a research associate in the School of Plant,
Environmental and Soil Sciences. Chris Coreil is a conservation agronomist with the
Natural Resources Conservation Service in Alexandria, Louisiana.

WATER QUALITY

Effluent or runoff water samples for 2013 and 2014 for all
management treatments were collected from the Gravois site
following each rainfall that triggered runoff. Collected runoff
samples were analyzed based on U.S. Environmental Protection
Agency protocols that included total and suspended solids,
turbidity, nitrate, ammonium and dissolved phosphate.
During 2013, 22 water quality samples were collected compared to only 14 samples in 2014. During the sampling period,
rainfall amounts were significantly lower in 2013 (28.7 inches)
than in 2014 (35.2 inches). Sampling was initiated following last
herbicide application and cultivation commonly carried out in
early May and prior to the closure of plant canopy.
During 2013 and 2014, total solids in the effluent from all
treatments did not exhibit consistent differences. Results from
suspended solids mimic closely those for total solids. Increased

The sweeper attachment mechanically removes residue with “brushes.” Photo
by Allen Arceneaux
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Improving the Environment Through Precision Feeding
Vinicius R. Moreira, Brian D. LeBlanc and Cathleen C. Williams

C

urrent estimates suggest that by 2050 the world population could rise by 2.5 billion people from the current
7.5 billion, and only a quarter of the population will
live in rural areas. Synthetic nitrogen fertilizer and improved
crop varieties are examples of technologies that have helped
increase food availability, allowing the human population
to flourish during the past century. Agricultural land availability is decreasing because of urbanization and rising land
values, while demand will rise because of population size and
increased wealth, especially in less-developed countries.
Recent studies question agriculture’s ability to keep pace
with population growth. At the same time, agriculture profitability has been decreasing in recent decades because of high
production costs and low product prices. Furthermore, society
is increasingly demanding that producers minimize the use of
plant nutrients that may escape the farmland and harm vulnerable environments. In short, producers are under ever-growing
pressure to produce more but with fewer resources.
In the case of nutrient pollution from excess nitrogen
and phosphorus, several approaches may address the issue,
including improved waste treatment systems, practices such as
using cover crops that maximize nutrient cycling within the
farm, using filter strips to prevent excess nutrients from leaving
the farm and limiting moving nutrients to the farm in the
form of feeds or fertilizers have the added benefit of reducing
operating costs. A number of studies at the LSU AgCenter have
addressed opportunities to improve profit margins while minimizing the potential for environmental pollution from animal
production.
Two of those studies evaluated reducing protein feed supplementation by 16 percent and 10 percent. Protein, defined in
animal nutrition as the nitrogen content in feeds, was reduced
in the cows’ rations by replacing soybean meal with dry distillers grains and solubles. Rations were supplemented with
rumen-protected amino acids lysine and methionine according
to amino acid requirements for late-lactation cows. The studies
differed in forage source, using corn silage in Study 1 and
ryegrass silage in Study 2. Feed and water intake, milk yield
and composition, and animal body weight and condition scores
were recorded. Cow performance did not differ statistically,
indicating dietary protein can be reduced from current recommendations so long as adequate levels of lysine and methionine are supplied in the rations. More importantly, milk urea
nitrogen content, an indicator of dietary protein utilization in
dairy cows, decreased by 42 percent in Study 1 and 35 percent
in Study 2 (Figure 1). It is generally recommended that milk
urea nitrogen levels be kept below 12 milligrams per deciliter.
The results suggest adequately balancing diets for amino acid
content could reduce protein waste and potentially reduce
feeding costs, a win-win situation for dairy producers.
In another study, AgCenter researchers evaluated the performance of dairy cows fed diets containing no supplemental
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phosphorus for the first two lactations. Two groups of 14 cows
each were fed diets containing phosphorus supplemented in the
diet dry matter as monosodium phosphate or not (0.39 percent phosphorus versus 0.35 percent phosphorus in lactation 1
and 0.42 percent phosphorus versus 0.36 percent phosphorus
in lactation 2). Cow performance did not differ statistically
between the two treatments with cows producing more than 80
pounds per day on average for the first 110 days in milk in both
lactations. Excess phosphorus in dairy rations has been shown
to be lost in manure rather than absorbed by the animals. If
producers avoid purchasing mineral phosphorus supplements,
that amounts to cost-savings and reduced potential for phosphorus runoff from soils receiving manure.
Finally, AgCenter researchers evaluated the effect of
feeding biochar, a form of charcoal, at incremental levels — 0
to 4 percent biochar in five increments in Study 1 and 0 to 2
percent biochar in nine increments in Study 2 — on the performance and nutrient excretion of broiler chicks up to 18 days
of age. The manure of chicks fed incremental levels of biochar
tended to have lower concentrations of phosphorus at the
higher levels of biochar in the feed in Study 1 while a similar
response was statistically significant in Study 2. However, chick
weight gain decreased as biochar content increased during
Study 1, while body weight change was not significant in Study
2. Although biochar supplementation may potentially decrease
phosphorus concentration in broiler chick manure, it needs to
be further investigated to ascertain its effect on bird performance, on nutrient excretion and on manure-amended soils.
Vinicius R. Moreira is an associate professor in the School of Animal Sciences; Brian
D. LeBlanc has the Roy and Karen Pickren Professorship in the School of Plant,
Environmental and Soil Sciences and is a specialist with Louisiana Sea Grant at LSU;
and Cathleen C. Williams is the Gerald A. Simmons Professor of Dairy Science in the
School of Animal Sciences.
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Figure 1. Small ration adjustments can have drastic impacts in minimizing
nutrient losses from animal agriculture. The graph shows the effect of precision
feeding dairy cows dietary crude protein (CP) on milk production represented
as milk urea nitrogen (MUN) in milligrams per deciliter.

Trace Elements in Louisiana’s Two Largest Rivers
Jeremy Reiman, Emily DelDuco, Songjie He and Y. Jun Xu

T

race elements are elements generally found in very low
concentrations in the environment. While many of these
elements can be found naturally in the Earth’s crust,
elevated levels in waterways can pose a serious threat to human
and aquatic life. Research has shown that elevated concentrations of certain trace elements can disrupt development and
reproduction and even cause death in aquatic plants and animals. Additionally, several trace elements can accumulate in
tissues of organisms harvested for human consumption, such as
fish or oysters, creating a potential pathway of human exposure
to harmful levels.
Elevated levels of trace elements in surface water systems generally occur as a result
of industry and mining byproducts and surface water runoff in urbanized areas. The U.S.
Environmental Protection Agency and Louisiana
Department of Environmental Quality have both
established criteria for acceptable levels of trace
elements in Louisiana’s waterways with the goal of
maintaining the quality of the environment and
people’s health.
Over the past several years, LSU AgCenter
scientists have conducted studies to determine
trace element levels in the Mississippi River
and Atchafalaya River. These two river systems
discharge approximately 163 cubic miles, or 80
percent of the total discharge, of freshwater into
the Gulf of Mexico, delivering massive amounts
of elements along the Louisiana coast. The team
collects water samples every month and analyzes
for more than 20 trace elements. They have not
found elevated levels of any trace elements that are
of concern to public health.
Average concentrations of boron, phosphorus,
strontium and titanium were much greater in
the Mississippi River than the Atchafalaya River;
however, only boron concentrations were found to
be significantly different. All other trace element
average concentrations were fairly similar between
the two rivers. Both rivers had significantly lower
concentrations of boron and strontium during
periods of high flow, while titanium concentrations were significantly higher. Arsenic and
lithium concentrations in the Mississippi were
significantly lower during high flow, while silver
concentrations tended to increase with flow in
the Atchafalaya River. Vanadium concentrations
tended to be greater during periods of high flow in
both rivers; however, this difference was not found
to be significant. Barium, manganese, phosphorus
and zinc concentrations showed negligible variance during various flows within both streams.

In conclusion, trace element concentrations in the
Mississippi and Atchafalaya rivers are well within safe ranges.
This is excellent news for coastal estuaries downstream and
Louisiana anglers. Ongoing testing and continued efforts to
reduce the discharge of pollutants into the waterways can continue to safeguard the quality and health of these vital rivers as
well as estuaries downstream — all of which benefit state and
local economies and our environment.
Jeremy Reiman, Emily DelDuco and Songjie He are graduate students, and Y. Jun Xu
is a professor in the School of Renewable Natural Resources.

Jeremy Reiman,
graduate student
in the School of
Renewable Natural
Resources deploys
sampling equipment
in the Atchafalaya
River Wax Lake Outlet.
Photo by Skylar Bueche
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Oysters Help Maintain Water Quality
Phillip Westbrook, Leanna Heffner and Megan La Peyre

W

ell-loved for its culinary contributions to Louisiana
culture, the eastern oyster also plays an important
role in keeping coastal waters clean. With more than
60 percent of U.S. coastal rivers and bays moderately to severely
degraded from excessive nutrient loading, also known as
eutrophication, the eastern oyster is a valuable ally in offsetting
declines in water quality.
As oysters feed, they filter nutrients, plankton and suspended particles in the water, using these materials to fuel their
basic biological functions, such as growth and metabolism.
As oysters grow, both nitrogen and carbon are assimilated
into their tissue and shell, which is called bioassimilation.
Harvesting oysters results in a net removal of these nutrients
from the water.
Louisiana supports one of the most economically
important and productive oyster fisheries in the United States,
with harvest revenue exceeding $35 million in dockside sales
every year. The potential removal of carbon and nitrogen in
oyster tissue and shell through commercial and recreational
harvest is high.
In a study conducted by LSU AgCenter researchers, oysters
collected from reefs located in Sister Lake, also known as
Caillou Lake, in Terrebonne Parish and Lake Fortuna in St.
Bernard Parish were found to contain, on average, approximately 0.3 gram nitrogen and 10 grams carbon (tissue and
shell combined). (Figure 1). Based on the 2013 harvest from
these two regions, this translated to a removal of more than 10

tons of nitrogen and 375 tons of carbon from the system in one
year. While shell may be sometimes returned to the system to
provide for future reefs, more than 50 percent of nitrogen is
found in the oyster tissue, indicating that harvesting and eating
the oysters still provides a valuable contribution to nitrogen
removal.
In the absence of commercial harvesting, oysters allowed
to grow and build reefs may also be critical in removing nutrients from the water. Particles and nutrients not incorporated
into their tissues and shells are excreted onto the surface of the
sediment in packages called “pseudo-feces.” These pseudo-feces
either can be buried in the reef, be re-suspended in the water
or undergo chemical transformation to nitrogen gas through a
process called denitrification. In the latter, deposited nitrogen
diffuses from the sediment into the water and ultimately back
to the atmosphere, providing a natural process for net removal
of nitrogen from coastal waters. Denitrification is thought to
be one of the most significant processes for removing excess
nitrogen in estuaries; however, most work has focused on this
process within the marsh landscape.
This study also examined denitrification simultaneously
at two sites in coastal Louisiana to determine the potential
contributions of oyster reefs to nitrogen removal. In the winter,
and again in the summer, researchers measured gas flows from
sediment at deep-water (greater than 6 feet) and shallow-water
(less than 3 feet) oyster reefs as well as mud bottoms with no
oysters as a reference. These measurements were used to esti-

Eastern oysters collected at
Lake Fortuna to examine
bioassimilation of carbon
and nitrogen.
Photo by Amy Smith-Kyle
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equally large if not greater amount of nonmanaged reef areas
may also contribute to removal of nitrogen from the water.
Further investigation into the exact extent and distribution of
these oysters will help create a fuller understanding of oyster
reef contributions to nutrient mitigation.
The eastern oyster is often referred to as an “ecosystem
engineer” because oysters and their reefs change the system in
which they exist. Oyster reefs provide valuable microhabitats
for invertebrates, crustaceans and finfish; promote shoreline
stabilization by reducing wave energy; and contribute to mitigating nutrient loading.
This preliminary work provides evidence that oysters
also permanently remove nutrients from the system through
both bioassimilation and denitrification. Given the prolific
annual oyster harvest and the extensive reef systems across
coastal Louisiana, bioassimilation and denitrification may
be important drivers of nutrient mitigation across the coastal
region of the state. Ensuring the health and maintenance of
Louisiana oyster reefs is a critical piece of coastal protection.
Acknowledgement: This work was possible through funding from Louisiana
Sea Grant and Louisiana Coastal Protection and Restoration Authority.
Phillip Westbrook is a former graduate student who received his master of science in
December 2016 from the School of Renewable Natural Resources; Leanna Heffner is
a post-doctoral research associate in the Department of Oceanography and Coastal
Sciences; and Megan La Peyre is an adjunct professor with the U.S. Geological
Survey, Louisiana Fish and Wildlife Cooperative Research Unit in the School of
Renewable Natural Resources.

Nitrogen

mate nitrogen removal via denitrification at oyster reefs and
compare them to adjacent mud bottoms.
Nitrogen gas flows during the summer revealed some of
the highest documented denitrification rates at oyster reefs in
the United States (Figure 2). Because temperature is a critical
control on denitrification, warm Gulf summer waters may
contribute to these high numbers. Equally interesting and
surprising is that the reference mud-bottom sites provided
similar denitrification rates as the oyster reefs. This finding
may be partially explained by the unique nature and history of
Louisiana estuaries and reef complexes.
Many Gulf estuarine shallow-water bottoms are composed
of an extensive complex of sediment and oysters, have a long
history of active harvest and have extensive historic reef sites
scattered throughout. For example, reefs in Sister Lake cover
more than 30 percent of the water bottom, but these reefs are
scattered across the area rather than formed into one or two
large, distinct reefs. As a result, the effects of oysters on sediment characteristics and denitrification may extend beyond
locations with discrete reefs because the scattered oysters and
shells contribute equally to water filtration and denitrification.
Although Louisiana has no exact statewide estimate of
oyster reef habitat acreage, more than 2 million acres of private
and publically managed reefs support oyster harvest, and an
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Figure 1. Ratio of the total mass load of nitrogen and carbon in tissue and shell
of oysters harvested from Sister Lake and Lake Fortuna. Oysters, on average,
were found to contain about 0.3 grams nitrogen and 10 grams carbon.
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Jazmyn Bernard, an undergraduate student in the School of Renewable
Natural Resources, dredges oysters in Sister Lake for studies. Photo by Megan
La Peyre
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Figure 2. Mean summer and winter nitrogen flows (denitrification) at deepwater reefs, shallow-water reefs and reference sites in Sister Lake and Lake
Figure
2. Mean (± standard error) summer and winter nitrogen ﬂows
Fortuna.
(denitriﬁcation) at deep-water reefs, shallow-water reefs and reference sites in
Sister Lake and Lake Fortuna.
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Managing Golf Courses to
Protect the Environment
Kyle Peveto

G

olfing is a popular pastime in Louisiana,
with more than 150 courses employing thousands of workers and contributing millions
to the economy.
Golf courses’ green, rolling landscapes require
intensive maintenance — which often means regular
fertilizer use — to create courses golfers can play
year-round.
“These turfgrass areas are intensely managed to provide both suitable aesthetics and playability,” according to a new guide, “Nutrient Best
Management Practices for Golf Courses in Louisiana
and Mississippi,” written by experts in turfgrass
management at the LSU AgCenter and Mississippi
State University.
The guide, which will be available in early 2018,
aims to educate golf course managers to efficiently
and responsibly use fertilizers. It was written by Jeff
Beasley, an associate professor and turf management
expert at the AgCenter, Brian LeBlanc, an AgCenter
and Sea Grant coastal ecologist and Ron Strahan, an
AgCenter weed scientist, along with Jay McCurdy,
assistant professor, and Barry Stewart, associate
professor, both at Mississippi State University in
Starkville.
“As a part of any turfgrass management program, fertilizers are often needed to grow a healthy,
dense turf,” the publication says.
Because the grass clippings are regularly
removed from golf courses, they require “increased
management to maintain nutrient concentrations,”
the guide’s authors write.
When improperly managed, fertilizer use can
negatively affect a course’s grass, but the effects can
spread well beyond the fairway. Nitrogen and phosphorus, both essential plant nutrients in fertilizers,
can leach into groundwater and run into ponds,
lakes and streams.
“Excessive nutrient concentrations in water can
accelerate algae and plant growth in streams, lakes
and ponds, resulting in oxygen depletion or critically low dissolved oxygen levels,” according to the
guide.
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This lack of oxygen, called hypoxia, threatens
American waterways by creating an environment
where plants and animals cannot survive.
To prevent leaching of nutrients into groundwater and runoff into surface water, the guide’s
authors recommend testing soil from several different areas on the course to account for differences
in soil and turf types when creating a fertility plan.
“Golf greens, fairways, tee boxes and roughs are
all areas on a golf course that serve different functions and often have different fertility needs,” the
guide says.
Many golf courses in Louisiana and Mississippi
have fine-textured soils and are designed to
encourage surface draining to quickly shed rainwater. But they do not have to lose nutrients in the
process.
“The goal is to reduce potential movement of
nutrients and sediments transported by surface
flow,” the guide says. “In many cases, a dense,
healthy turfgrass will limit the movement of solids,
such as sediment.”
For fast-draining areas, the guide’s authors
encourage course managers to find ways to slow
the water. They can maintain grassy areas or create
swales, which are trenches with a berm designed to
catch rainwater.
An area out of play that is composed of native
vegetation doesn’t require routine fertilization and
can retain water and nutrients while also providing
a wildlife habitat.
The management practices encouraged by the
new guide do more than just protect ground and
surface water, the authors write.
“By developing and implementing knowledge-based fertility plans and best management
practices,” the guide states, “golf course superintendents can provide a healthy, aesthetically pleasing
turf, protect the environment and, in some cases,
save money.”
Kyle Peveto is the publications editor with LSU AgCenter
Communications and assistant editor of Louisiana Agriculture.

Granules of potassium fall from a
spreader pushed by Mitch Fontenot,
assistant director for course
maintenance at the LSU Golf Course.
The fertilizer is used before winter to
prepare the greens for the stress of
cold weather.
Photo by Kyle Peveto
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Nitrogen and Phosphorus Inputs
to the Chenier Coastal Water
Songjie He and Y. Jun Xu

T

he near-shore coastal waters of Louisiana in the
northern Gulf of Mexico have experienced severe oxygen
depletion each summer at least since the mid-1980s.
While information gaps remain regarding the specific factors
contributing to this hypoxia, the evidence suggests enrichment by nitrogen and phosphorus found in the MississippiAtchafalaya River System contribute to the hypoxic zone.
As the largest river system in North America, the
Mississippi-Atchafalaya River System has been investigated
intensively. The flow of nutrients from that system into the
Gulf have been estimated for the past several decades. Little is
known, however, about the flow of nitrogen and phosphorus
from the major coastal rivers of southwest Louisiana that discharge a considerable amount of freshwater and sediment into
the Gulf.
In 2015, AgCenter researchers estimated that four coastal
rivers in southwest Louisiana — the Sabine, Calcasieu,
Mermentau and Vermilion — each year discharge into the
Gulf: nitrate nitrogen and nitrite nitrogen (1,783 tons);
ammonia, ammonium and organic nitrogen (12,404 tons);
and phosphorus (1,862 tons), with a peak input of nitrogen
during the spring. However, these estimates are based on
discharge and nutrient concentrations at sites that are many
miles upstream of the river mouths. The time nitrogen may be
present in any given pool can range from a few days to several
hundred years. The global movement of phosphorus from
rivers to the sea is about 21 million tons per year with approximately 10 percent of this being available to marine life, while
the remaining 90 percent is deposited in sediment particles. It
is not clear how much of the nitrogen or phosphorus loads from
these four rivers are delivered into the Gulf of Mexico and ultimately available to marine life. To have a better understanding
of this situation, it is important to study the chemical composition and space-time distribution of nitrogen and phosphorus
within a salinity layer.
LSU AgCenter scientists evaluated mixing dynamics and
time variations of nitrogen and phosphorus in the Calcasieu
River with salinity ranging from 0.02 to 29.50 parts per thousand. The Calcasieu River flows 200 miles through a low-lying
Chenier Plain in southwest Louisiana before entering the
Gulf of Mexico. This study focused on the river’s last 55-mile
reach (Figure 1) that has a clear salinity gradient and tidal
water influence. From April 2014 to February 2016, monthly
water samples were collected from six locations along the 55
miles and were analysed for nitrate/nitrite, organic nitrogen,
ammonia nitrogen, phosphate, total phosphorus and dissolved
carbon. Measurements were conducted at each sampling location to record ambient water conditions.
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Phosphate concentrations consistently showed a positive
deviation from those expected by a conservative mixing model.
A similar trend of dissolved organic carbon with salinity was
also found, suggesting a possible presence of photosynthesis
by plant sources. However, all nitrogen levels along the river
were inconsistent. Most nitrogen discharged to the estuary was
organic, while a significant portion of phosphorus discharged
to the estuary was inorganic. The phosphate-to-total-phosphorus ratios varied from 0.06 to 0.93, with an average of 0.32,
and the nitrate/nitrite nitrogen-to-total-nitrogen ratios ranged
from near zero to 0.52, with an average of 0.18, suggesting a
large variation in chemical composition. Annually, the river
discharged a total of 2,174 tons of nitrogen and 272 tons of
phosphorus into the northern Gulf of Mexico. Although the
nutrient flows are comparably marginal to those from the
nearby Mississippi-Atchafalaya River System, the coastal rivers
may have strong seasonal effects on near-shore water quality
and nutrient availability.
Songjie He is a graduate student, and Y. Jun Xu is a professor in the School of
Renewable Natural Resources.
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Get It Growing
Lawn & Garden

CALENDAR

The 2018 Get It Growing Calendar offers
monthly gardening tips for Louisiana
gardeners from LSU AgCenter
horticulturist Dan Gill, beautiful photos
of flowers, plants and gardens and a
special section on raised beds.
-Full color
-13 1/4” x 9”
-Monthly tips
-Gardening terms

-Illustrated how-to
-Special section on
raised beds for
vegetable gardening
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-Louisiana zone map
-Louisiana Super Plants
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Order online: LSUAgCenter.com/OnlineStore or by phone: 225-578-2263

